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A PRIORITY RATING SYSTEM FOR HIGHWAY MAINTENANCE 
A Thesis submitted f o r the Degree of Master 
of Science i n the U n i v e r s i t y of Durham. 
VIVIEN HARRISON B.Sc. 
A COMPUTER BASED PRIORITY RATING SYSTEM 
FOR HIGHWAY MAINTENANCE 
ABSTRACT 
The purpose of the p r o j e c t was to design a system of computer 
programs to st o r e and manipulate data concerning the p h y s i c a l 
c h a r a c t e r i s t i c s and measurable defects of the roads i n Durham County, 
based on the recommendations of the Marshall Committee on Highway 
Maintenance. 
From the extent and s e v e r i t y of defects present, i n c o n j u n c t i o n 
w i t h the p h y s i c a l c h a r a c t e r i s t i c s of the s e c t i o n of road, remedial 
treatments and p r i o r i t y r a t i n g p o i n t s can be assigned. Thus l i s t i n g s 
can be produced g i v i n g remedial treatments necessary f o r sections of 
road making up the highway network, i n order of urgency. The system 
w i l l e l i m i n a t e from the l i s t i n g s those sections of road r e q u i r i n g no 
remedial work and i n d i c a t e where a greater cost e f f e c t i v e n e s s i s 
given by r e p l a c i n g remedial work by a minor improvement scheme 
(e.g. realignment of the road). 
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I n t r o d u c t i o n 
The r e p o r t of the Marshall Committee on Highway Maintenance was 
published i n 1970. I t recommended t h a t the approach to the problem of 
highway maintenance should be standardised at a n a t i o n a l l e v e l ; t h a t a 
comprehensive, o b j e c t i v e survey of highways be undertaken, and t h a t a 
maintenance r a t i n g system be devised and a p p l i e d . The Marshall Report 
c l a s s i f i e d roads according to t h e i r importance and the amount of t r a f f i c 
c a r r i e d ; and recommended t h a t roads of a s i m i l a r category should be 
maintained to a s i m i l a r standard throughout the country. 
The Committee found t h a t the o v e r a l l p i c t u r e of highway maintenance 
was chaotic, w i t h l i t t l e s t a n d a r d i s a t i o n of recording or expenditure, 
and wide v a r i a t i o n i n maintenance standards. The Road Research Laboratory 
c o l l e c t e d data from a sample of 22 Maintenance A u t h o r i t i e s (See Appendix 
F) and the Committee attempted, by analysis of a v a i l a b l e data, to 
q u a n t i f y and e x p l a i n the in c o n s i s t e n c i e s i n terms of such v a r i a b l e f a c t o r s 
as c l i m a t e , t r a f f i c d e n s i t y , t e r r a i n etc. Only about h a l f of the 
v a r i a t i o n could be e l i m i n a t e d , suggesting t h a t s u b j e c t i v e judgements on 
the p a r t of Maintenance Engineers and the v a r y i n g e f f i c i e n c i e s of the 
a u t h o r i t i e s were responsible f o r a large p r o p o r t i o n of the discrepencies 
noted. Thus, i f a comprehensive system of i n s p e c t i o n and r a t i n g of highways 
were introduced on a n a t i o n a l basis t h e s e . v a r i a t i o n s could be g r e a t l y 
reduced, and the o v e r a l l e f f i c i e n c y of the maintenance f u n c t i o n increased. 
Since there i s u s u a l l y more remedial work to be done than funds w i l l 
f i n a n c e , a maintenance r a t i n g system would enable the Maintenance 
Engineer to formulate p o l i c y based on v e r i f i a b l e f a c t s , and allow the 
e f f e c t s of various courses of a c t i o n to be assessed. Long term plans 
could be made using the r a t i n g system and such machines as Deflectograph 
( f o r measuring the s t r e n g t h of the road), avoiding c o s t l y and d i s r u p t i v e 
emergency r e p a i r s caused by f a i l u r e or n e a r - f a i l u r e of the f a b r i c of the 
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Road, and g i v i n g the Maintenance f u n c t i o n greater c o s t - e f f e c t i v e n e s s . 
A data base c o n t a i n i n g maintenance i n f o r m a t i o n , probably computer 
based, would also provide e a s i l y accessed o b j e c t i v e data on the s t a t e 
of the highways i n the County area and obviate the necessity f o r 
"scou t i n g " f o r information-on r e c e i p t of queries. This advantage 
would be greater i n the l a r g e r , less compact r u r a l or semi - r u r a l 
County A u t h o r i t i e s . 
This t h e s i s describes the design and implementation of a Maintenance 
Rating System now i n s t a l l e d by Durham County Council. 
i 
Previous Work 
The Marshall Report put forward a r a t i n g system, described below, 
and several working p a r t i e s have since described data c o l l e c t i o n and 
r a t i n g systems based on the recommendations of the Marshall Committee. 
2.1 The Marshall Report does not give a d e t a i l e d d e s c r i p t i o n of a data 
c o l l e c t i o n system but o u t l i n e s a r a t i n g system. Each defect i s 
assessed out of 100 p o i n t s , such t h a t maximum poi n t s would i n d i c a t e 
a completely s a t i s f a c t o r y c o n d i t i o n and zero points complete 
u n s e r v i c e a b i l i t y . These r a t i n g s are designed to be c a r r i e d out 
over lengths of approx. 500 metres (Marshall Sections) and where 
defects are measured o b j e c t i v e l y tables g i v i n g the r e l a t i o n s h i p 
between percentage d e f e c t i v e and r a t i n g p oints would have to be 
devised. Adjustments are then made to the assessments t o take 
i n t o account the presence of patching, s k i d d i n g r e s i s t a n c e e t c . , 
and weighting f a c t o r s a p p l i e d to d i f f e r e n t i a t e between the 
importance of the d e f e c t s . The f i n a l adjustment i s made to a l l o w 
f o r the importance of the t r a f f i c f l o w , g i v i n g the f i n a l r a t i n g . 
C r i t i c a l l e v e l s would be compared before the a p p l i c a t i o n of the 
weighting f a c t o r s . The lowest f i n a l r a t i n g f o r each s e c t i o n would 
then be taken to determine absolute p r i o r i t i e s between s e c t i o n s . 
This method of r a t i n g depends very h e a v i l y on we i g h t i n g f a c t o r s , 
i f these are accurate then the system w i l l , w i t h i n i t s 
l i m i t a t i o n s , be reasonably good. I t i s a manual system b a s i c a l l y 
which would be i n a p p r o p r i a t e i f t r a n s f e r r e d to a computer, and the 
500 metre sections are too r i g i d f o r a large scale system. 
Therefore t h i s system would be reasonable f o r a small urban a u t h o r i t y 
w i t h few computer f a c i l i t i e s . However f o r an a u t h o r i t y w i t h a 
large highway network there i s too much manual work involved f o r 
a very basic and r i g i d system and t h i s system as i t stands would 
be uneconomic. 
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2.2 T.R.R.L. * produced Technical Note NOTE A which set out a comprehensive 
system of measurements and data c o l l e c t i o n , based on p r a c t i c a l 
experimentation and experience, which could be used as a g u i d e - l i n e , 
i n an o b j e c t i v e survey of an a u t h o r i t i e s ' highways. This Note 
elaborates on the Marshall Report standards and measurements 
(Appendix A), expanding and i n some cases r a t i o n a l i s i n g them. 
Measuring instruments and methods of i n s p e c t i o n are a l l w e l l 
described and the data c o l l e c t i o n system should be capable of 
adaptation to any A u t h o r i t i e s needs. This r e p o r t introduces a 
v a r i a b l e l e n g t h Marshall Section of road, using highway features 
(road j u n c t i o n s or v a r i a t i o n s i n road geometry) or a d m i n i s t r a t i v e 
features ( d i v i s i o n a l or d i s t r i c t boundaries) to d i v i d e these 
sections. I n some cases a s e c t i o n could be several k i l o m e t r e s 
i n length so 100 metre sub-sections are introduced to loc a t e 
d e t e r i o r a t i o n . This i s an improvement on the Marshall system, 
which s p l i t a l l roads i n t o 500 metre s e c t i o n s , since i t gives 
l o g i c a l s t a r t and end points f o r sections and also a f i n e r 
l o c a t i o n of d e t e r i o r a t i o n w i t h i n s e c t ions. 
However the processing method shown i s manual and uses running 
lengths of d e t e r i o r a t i o n , w i t h averaging of d e t e r i o r a t i o n 
percentages, which could mask short lengths of bad d e t e r i o r a t i o n . 
So although the methods of measurement and data c o l l e c t i o n are 
good, a b e t t e r processing method g i v i n g greater d e f i n i t i o n o f 
c r i t i c a l areas i s needed. For most a u t h o r i t i e s computer 
processing of the highway data would be more economical i n terms 
of cost and time. 
2.3 Working p a r t i e s r e p r e s e n t i n g the C i t y Engineer's Group have 
developed a system based on the recommendations of the Marshall 
Report and on Technical Note NOTE A. A r a t i n g p o i n t s system i s 
used, s i m i l a r to t h a t suggested i n the Marshall Report, where f o r 
a d e f e c t , a range of d e t e r i o r a t i o n i s given a c e r t a i n p o i n t s 
* Transport and Road Research Laboratory. 
r a t i n g . A road where a c e r t a i n defect i s absent would be given 
a r a t i n g of 10 points f o r t h a t d e f e c t , and as the amount of 
d e t e r i o r a t i o n f o r t h a t defect increases, the r a t i n g given f o r 
the defect decreases i n an inverse r e l a t i o n s h i p . Weighting f a c t o r s 
are used to d i f f e r e n t i a t e between the importance of the various 
defects measured and also between the d i f f e r e n t categories of road. 
The roads are d i v i d e d i n t o maintenance lengths according t o l o c a l 
environmental c o n d i t i o n s and o n l y one reading f o r each defect i s 
taken along the maintenance s e c t i o n . This i s reasonable f o r C i t y 
s t r e e t s where the sections w i l l be very s h o r t , e.g. a s e c t i o n of 
s t r e e t betwen two j u n c t i o n s , but i n more r u r a l areas, and on roads 
such as motorways and trunk roads, sections could be more than a 
k i l o m e t r e long, where there are no a d m i n i s t r a t i v e boundaries to 
subdivide the sections f u r t h e r , so t h a t only one reading would give 
an inaccurate p i c t u r e of the c o n d i t i o n of the road. The a c t u a l 
percentages of d e t e r i o r a t i o n are not recorded and as the percentage 
spread f o r a p a r t i c u l a r r a t i n g p o i n t can be 20% or more the 
accuracy of the assessment could be suspect. Further i f the r a t i n g 
system were changed then the sections could need resurveying. The 
w e i g h t i n g f a c t o r s are s a i d t o work w e l l but the r a t i n g r e l a t i o n s h i p s 
they are based on are at times i l l o g i c a l g i v i n g a lower (and 
t h e r e f o r e more c r i t i c a l ) r a t i n g to a less important d e f e c t . This 
system, l i k e the Marshall system, i s a b a s i c a l l y manual system w i t h 
the computer being used f o r storage and the production of the 
f i n a l p r i o r i t y l i s t s . Thus the computer i s not being used to i t s 
f u l l advantage and t h i s system would e n t a i l too much manual work 
to be economical to run f o r a large highway network. The computer 
system uses magnetic tapes f o r storage which are very slow compared 
to d i r e c t access d i s k f i l e s , thus i n c r e a s i n g running time f o r the 
programs and t h e r e f o r e i n c r e a s i n g computer costs. The p r i n t e d 
6 
output i s a l s o f a i r l y d i f f i c u l t to f o l l o w where l a r g e volumes of 
output are envisaged. 
2.4 Edinburgh Corporation, i n a s s o c i a t i o n w i t h the T.R.R.L. produced 
T e c h n i c a l Note NOTE B, which d e s c r i b e s a comprehensive r a t i n g system 
d i f f e r e n t i a t i n g between the importance of the var i o u s d e f e c t s by 
a s s i g n i n g i n d i v i d u a l r a t i n g r e l a t i o n s h i p s to the d e f e c t s . Thus a 
p r i o r i t y l i s t can be compiled t a k i n g i n t o account a l l d e f e c t s 
present i n the road and t h e i r r e l a t i v e importance, and the system 
all o w s f o r comparison between the co n d i t i o n s of d i f f e r e n t s t r e t c h e s 
of road. C e r t a i n minor m o d i f i c a t i o n s and r a t i o n a l i s a t i o n s have been 
a p p l i e d to the standards s e t out i n the Marshall Report and i n 
NOTE A f o r the c r i t i c a l l e v e l s of d e t e r i o r a t i o n , NOTE A introduced 
the 100 metre s u b - s e c t i o n , which i s v a l u a b l e i n l o c a l i s i n g 
d e t e r i o r a t i o n and p r e s e r v i n g d e f i n i t i o n i n the measurements, 
c r i t i c a l i t y being determined on a s u b - s e c t i o n b a s i s . However NOTE B 
s p l i t s these 100 metre s u b - s e c t i o n s i n t o 10 metre m i c r o s e c t i o n s and 
uses these m i c r o s e c t i o n s to c a l c u l a t e r a t i n g v a l u e s . The 
mi c r o s e c t i o n s may be u s e f u l , i n urban s i t u a t i o n s , f o r l o c a t i n g 
d e t e r i o r a t i o n on a f i n e b a s i s but as a b a s i s f o r the c a l c u l a t i o n 
of r a t i n g v a l u e s they are i l l o g i c a l . For continuous (chainage to 
chainage) r e c o r d i n g the f i n a l r a t i n g gained over 100 m i s i d e n t i c a l 
whether the r a t i n g s are c a l c u l a t e d on 10 metre m i c r o s e c t i o n s and 
t o t a l l e d or the r a t i n g i s c a l c u l a t e d f o r the t o t a l d e t e r i o r a t i o n , 
f o r that d e f e c t , over 100 metres. However the former method 
i n v o l v e s up to ten times as much c a l c u l a t i o n . S i m i l a r l y f o r f i x e d 
i n t e r v a l r e c o r d i n g at 20 metre i n t e r v a l s , as suggested by NOTE B, 
r a t i n g s c a l c u l a t e d on the b a s i s of the 20 metre reading w i l l be 
i d e n t i c a l to those c a l c u l a t e d at 10 metres, but with h a l f the 
c a l c u l a t i o n time. For f i x e d i n t e r v a l r e c o r d i n g at 25 metres, as 
suggested by NOTE A, the r a t i n g s based on 10 metres w i l l not only 
take 2h times longer but w i l l be i n a c c u r a t e s i n c e the readings a t 
10 metres w i l l be based on I n t e r p o l a t e d values. For a large 
highway network such i n e f f i c i e n c y of c a l c u l a t i o n , w i t h o u t the 
m i t i g a t i n g circumstance of more u s e f u l i n f o r m a t i o n , since 
maintenance other than patching would not normally be c a r r i e d out 
on a len g t h of less than 100 metres, renders the system described 
by NOTE B uneconomic t o run. The Edinburgh system uses sequential 
d i s k f i l e s as storage f o r the Marshall data base, which i s reasonable 
f o r the i n i t i a l c r e a t i o n run i f a l l data i s a v a i l a b l e at once. 
However where random access i s envisaged, f o r updating or f o r 
i n t e r o g a t i o n , a large p r o p o r t i o n of the f i l e could be read 
unproductively. This i n e f f i c i e n c y of d i s k storage, i n the context 
of a large road network (6000 r e c o r d s ) , could mean an average over-
head t o update one record of 500 times t h a t f o r an equivalent d i r e c t 
access storage system. The p r i n t e d output consists of histograms of 
r a t i n g p o i n t s on 10 metre microsections. This i s a very v i s u a l output 
and very e a s i l y a s s i m i l a b l e ; however f o r a large highway network such 
output i s very voluminous and t h e r e f o r e i n d i v i d u a l lengths of road 
would be d i f f i c u l t t o f i n d w i t h o u t an e f f i c i e n t indexing system. 
A l l the above r a t i n g systems are e i t h e r manual systems or have been 
developed by C i t y a u t h o r i t i e s w i t h small compact highway networks. 
None are e f f i c i e n t enough to be applied to a large network i n a 
County. Therefore i t was decided t h a t a series of programs should be 
w r i t t e n by the author t o process the data c o l l e c t e d and to implement 
a computerised maintenance r a t i n g system. The data c o l l e c t i o n system 
described i n NOTE A, which i s both simple to use and o b j e c t i v e was 
adopted and has been proved s a t i s f a c t o r y . The r a t i n g r e l a t i o n s h i p s 
proposed i n NOTE B have been u t i l i s e d as a basis f o r the r a t i n g system. 
However these r e q u i r e f u r t h e r study and adjustment as the r e s u l t s of 
the r a t i n g programs are compared w i t h a c t u a l c o n d i t i o n s . The program 
s u i t e was w r i t t e n i n PL/1 f o r and IBM 370/145 and uses d i r e c t access 
f i l e s ( f o r a more d e t a i l e d discussion of the computer aspects see 
Appendix E). 
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3. Extensions to the Rating System 
A l l the above working p a r t i e s have concentrated on p r o v i d i n g 
Maintenance Rating Systems w i t h o u t f u l l y e x p l o r i n g the i n t e r a c t i o n s 
between the Maintenance f u n c t i o n and the other departmental a c t i v i t i e s 
( T r a f f i c , Planning, Land Use e t c ) . To implement the Marshall Report a 
comprehensive data bank must be created. I f t h i s i n f o r m a t i o n i s s t o r e d 
i n such a way as to be e a s i l y cross-referenced w i t h other data banks 
the e f f e c t s of planning decisions, t r a f f i c p o l i c i e s e t c . on the 
maintenance f u n c t i o n could be assessed; a l l o w i n g p r i o r i t i e s to be 
changed or p o l i c i e s advanced which would allow f o r greater cost 
e f f e c t i v e n e s s . Where a s e c t i o n of highway requires r e c o n s t r u c t i o n 
because the road i s badly r u t t e d or f a i l i n g then other f a c t o r s could 
i n d i c a t e t h a t a minor improvement such as realignment or widening of 
the road would give a greater cost b e n e f i t than c o s t l y and p o s s i b l y 
i n e f f e c t i v e remedial work. These f a c t o r s would be i n c r e a s i n g t r a f f i c , a 
bad accident record and a low f r e e speed (See Appendix I ) . The Marshall 
data bank could provide u s e f u l i n f o r m a t i o n f o r planning and t r a f f i c 
f u n c t i o n s since the c o n d i t i o n of the road network could be taken i n t o 
account when a f a c t o r y or estate s i t e i s chosen or when a new road or 
by-pass i s planned. 
The County Forward Plan encompasses a l l of the various departmental 
f u n c t i o n s and i f the i n t e r a c t i o n between data banks i s f a c i l i t a t e d the 
Forward Plan f o r c a s t i n g should be improved. The i m p l i c a t i o n s of such 
p o l i c y decisions can be assessed more thoroughly since more data i s 
a v a i l a b l e i n compariable form. 
The Programme of Work (see F i g . 1 below) f o r the highway network 
shows the a l l o c a t i o n of work between Maintenance and T r a n s p o r t a t i o n . 
PROGRAMME OF WORK 
MAINTENANCE TRANSPORTATION 
Remedial Minor Improvements 
Work Realignment etc 
Replacement Roads New 
Bypasses etc Projects 
Figure 1 
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4. Data C o l l e c t i o n 
4.1 I n t r o d u c t i o n 
The o b j e c t of the system i s to give an o b j e c t i v e and d e t a i l e d 
view of the County highways, and to enable the Maintenance Engineer 
to a l l o c a t e funds to the various maintenance p r o j e c t s on the basis 
of greatest need. 
I t w i l l i n d i c a t e to the engineer the treatment or treatments 
necessary, w i t h any s u b s t i t u t e treatments which could be c a r r i e d out 
i f a main treatment i s r u l e d out due to lack of funds. 
A computer based system has been used, since i t w i l l handle 
large masses of data e f f i c i e n t l y and w i l l perform complex 
manipulations on t h a t data a c c u r a t e l y . For a small road network, 
say i n a c i t y , t h i s e f f i c i e n c y i s not so imperative, but f o r a l a r g e 
road network, say a county, such e f f i c i e n c y i s necessary f o r an 
economic system. 
The system eliminates a l l sections of road r e q u i r i n g no 
treatment and allows the engineer to use h i s e x p e r t i s e to formulate 
an optimum program of work on the basis of v e r i f i a b l e data. 
4.2 D e f i n i n g Sections . 
The approximately 500 metre sections recommended i n the Marshall 
Report were replaced i n NOTE A by a more f l e x i b l e method of d e f i n i n g 
s e c t i o n s , based on c o n s t r u c t i o n , t r a f f i c and important p h y s i c a l d e t a i l s . 
Each carriageway of a dual carriageway road, roundabouts, s l i p roads 
and very large j u n c t i o n areas would be separate sections. Junctions 
would normally d e f i n e the end of a s e c t i o n , but where a major road 
crosses an u n c l a s s i f i e d road (an u n c l a s s i f i e d j u n c t i o n ) only the 
minor road need be d i v i d e d , unless other f a c t o r s also change at t h i s 
boundary. Changes i n c o n s t r u c t i o n type w i l l also define the end of a 
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se c t i o n as w i l l changes i n the w i d t h of the road ( i . e . from 2 
lanes to 3 ) . Large changes i n t r a f f i c volume w i l l also s i g n a l the 
end of a s e c t i o n , as where an u n c l a s s i f i e d estate road loads a 
considerable volume of t r a f f i c on to a c l a s s i f i e d road. 
Because of the i n t e r a c t i o n between departmental f u n c t i o n s 
mentioned i n 3 above, other f a c t o r s w i l l also d e f i n e the end of a 
s e c t i o n ; these are important nodes on the county t r a f f i c network, 
de l e g a t i o n l i m i t s and a d m i n i s t r a t i v e boundaries ( i . e . f o r 
d i v i s i o n s and d i s t r i c t s ) . 
4.3 Defects 
The programs calculate- r a t i n g s on 100m sub-sections f o r 
s t r u c t u r a l d e f e c t s , of pavement and roadside. Such amenity 
maintenance as roadsweeping and snow c l e a r i n g i s not included i n 
the p r i o r i t y r a t i n g system. 
The defects measured are as f o l l o w s :-
Roadside 
1. Footway d e t e r i o r a t i o n . 
2. Verge d e t e r i o r a t i o n . 
3. Kerb d e t e r i o r a t i o n . 
4. Kerb upstand d e f i c i e n c y . 
5. P r o v i s i o n of kerbs f o r the p r o t e c t i o n of pedestrians. 
Pavement 
1. Wheel tr a c k r u t t i n g . 
2. Wheel t r a c k d e t e r i o r a t i o n . 
3. Whole carriageway d e t e r i o r a t i o n major. 
4. Whole carriageway d e t e r i o r a t i o n minor. 
5. Edge d e t e r i o r a t i o n . 
6. Inadequate drainage. 
7. E x i s t i n g patching. 
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Loss of skidding resistance is not measured at present. The 
SCRIM machine (which is used for testing skidding resistance) 
is rather expensive and the question of the inte r p r e t a t i o n of 
results is not yet s a t i s f a c t o r i l y answered as yet (see Appendix H). 
However provision has been made to store the skidding resistance 
factors. These factors w i l l not be incorporated into the p r i o r i t y 
r a t i n g system but w i l l be used i n conjunction with i t to provide 
l i s t s for remedial treatment. 
Deflection readings, which are a measure of the strength of 
the pavement, are obtained by using the Deflectograph machine 
(See Appendix Hj. They are stored for each 100 metre sub-section 
for a l l Marshall Category 1, 2 and 3 roads (See Appendix A). They 
are incorporated into the Rating System to give road l i f e data 
as a check against the visual inspection ratings. 
Surface i r r e g u l a r i t y i s measured by using the Bump Integrator 
machine. The output from t h i s machine is stored for each Marshall 
Section as integrated inches per mile, and used as further information 
for the engineer without incorporation into the r a t i n g system. 
Adverse camber i s deemed to be impractical to measure 
objectively. However, where i t occurs to a dangerous extent, 
usually on older roads, i t could be noted by the inspection team 
and reported to the Maintenance Engineer. I t i s not stored and i s 
not incorporated into the Rating System. 
4.3 Recording 
There are three methods of recording defects : 
(a) Continuous : chainage to chainage recording. Most deterioration 
w i l l be recorded i n this way. Coded as s t a r t 
* Sideways Force Coefficient Routine Inspection Machine. 
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chainage end chainage and value, (width, 
severity e t c ) . 
(b) Spot : deterioration too small to be recorded as 
continuous. Coded as chainage and area. 
(c) Fixed 
In t e r v a l : Measurements taken at regular intervals 
(usually 20 or 25 metres) along a road. Rutting 
and kerb upstand are measured i n this way, since 
the defect i s deformation from a standard value 
rather than physical deterioration. Coded as 
continuous recording. 
The measurements are recorded i n the manner described by 
NOTE A onto sheet A (See Appendix B) 
The readings are then transcribed onto Sheet 3 (See Appendix B) 
for punching. The recording and punching documents are separate 
since to design a document which i s suitable f o r both purposes i s 
extremely d i f f i c u l t . The detrimental effect of transcribing errors 
i s f e l t to be more amenable to checking routines than those errors 
produced by a sheet which i s perfect f o r neither of i t s functions 
and therefore produces errors i n both. 
4.4 Treatments 
(a) Resurfacing, overlaying and reconstruction - correct general 
deterioration of the surface, r u t t i n g , surface i r r e g u l a r i t y , 
adverse camber and where surface dressing i s inappropriate, 
sub-standard skidding resistance. Overlaying and Reconstruction 
w i l l also strengthen the pavement where increased t r a f f i c loads 
threaten to cause st r u c t u r a l f a i l u r e and w i l l prevent 
s t r u c t u r a l f a i l u r e due to normal loadings. Reconstruction also 
corrects s t r u c t u r a l f a i l u r e . 
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(b) Surface Dressing - seals porous surfaces against the entry 
of water, binds the surface of the pavement at the onset 
of deterioration and restores skidding resistance. 
(c) Patching - repairs small isolated areas of serious r u t t i n g , 
deterioration, erosion and edge f a i l u r e of carriageways and 
inadequate reinstatements of openings i n the carriageway. 
(d) Haunching and kerbing - repairs and protects the edges of 
the carriageway where overriding and potholing of the edge 
i s severe. 
(e) Drainage treatment - to ensure that water i s not allowed to 
penetrate the road and is removed from the surface of the 
carriageway as quickly as possible. Inadequate drainage i s 
sometimes due to r u t t i n g of the pavement especially on corners 
where the asphalt has been "squeezed" by the sideways force 
exerted by vehicles cornering, so that i t forms a "wall " 
between the wheel track and the drainage channel. This 
s i t u a t i o n is cured by trea t i n g the r u t t i n g rather than by 
drainage treatment. 
The* standards f o r the application of the above treatments are 
those given i n the Marshall Report and amended by NOTE A and NOTE B 
and are set out i n Appendix A. 
The computerised system does not indicate where patching of 
the carriageway is necessary to cure potholes, small areas of very bad 
deterioration or bad reinstatements by statutory undertakers. These 
conditions would be reported by the inspection team and would be 
dealt with i n the minor maintenance program, or withi n 24 hours i f 
the condition is dangerous. 
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F i l e S t r u c t u r e 
I n d e c i d i n g the f i l e s t r u c t u r e and the storage devices to be 
used the u l t i m a t e aims of the system must be considered; otherwise 
a f i l e s t r u c t u r e could be chosen which, w h i l e s u i t a b l e f o r the 
i n i t i a l c r e a t i o n of the data base, would not be adaptable f o r 
f u r t h e r p r o c e s s i n g . T h i s would make the system extremely r i g i d , 
i n e f f i c i e n t and uneconomical to run. 
The f i r s t choice i s that of storage d e v i c e ; between magnetic 
tape and d i s k storage. The data base i s l a r g e and access time must 
be s m a l l f o r e f f i c i e n t execution of the programs. Magnetic tape 
s L u t a g e , although inexpensive, i s extremely slow i n comparison to 
d i s k storage and, t h e r e f o r e , f o r a l a r g e highway network would make 
the a c c e s s time overhead too great f o r economical running of the 
programs. Thus d i s k storage would be more s u i t a b l e f o r t h i s 
a p p l i c a t i o n . 
Having decided the storage d e v i c e the f i l e s t r u c t u r e must be 
chosen. For t h i s d e c i s i o n the content of the f i l e s must be examined. 
The data f a l l s n e a t l y i n t o two c l a s s e s , f i r s t , general data p e r t i n e n t 
to each s e c t i o n and secondly, i n s p e c t i o n data p e r t i n e n t to each 
hundred metre s u b - s e c t i o n . I f only one f i l e was envisaged, v a r i a b l e 
length records would have to be used s i n c e each s e c t i o n i s of a 
d i f f e r e n t length. I n c e r t a i n circumstances such a record ( f o r a 
s e c t i o n of maximum length, ten k i l o m e t r e s ) co-Id be over 6000 bytes 
long, which i s an extremely unwieldy s i z e . A l so, e d i t i n g of f i l e s 
would normally be c a r r i e d out f o r one type of data ( g e n e r a l or 
i n s p e c t i o n ) a t a time; w i t h only one f i l e the whole record would have 
to be r e t r i e v e d to e d i t p o s s i b l y a s m a l l proportion of the data, 
implying l a r g e overheads and r e s u l t a n t i n e f f i c i e n c i e s . Thus f o r 
maximum u t i l i s a t i o n of f i l e space and minimum r e t r i e v a l time two 
se p a r a t e f i l e s would be i n d i c a t e d . T h i s would allow the general and 
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Inspection data to be stored at d i f f e r e n t times without records 
having to be retrieved (as they would be i f only one f i l e was used), 
giving increased efficiency. Further, as the sections are of 
d i f f e r e n t lengths i f variable length records are not to be used, a 
suitable sub-division should be found. 
The average length of a Marshall Section i n a semi-rural area 
such as Durham County is approximately one kilometre and storing the 
information pertaining to 1 kilometre of road ( i n 730 bytes, See 
Section 6) gives the best u t i l i s a t i o n of disk space (least wasted 
space fo r 73 byte multiples) f o r a 3330 type disk pack. Thus each 
section of road i s s p l i t into kilometre lengths f o r storage purposes. 
The f i l e structure therefore is a general information f i l e with one • 
record per Marshall Section and an inspection data f i l e with one record 
per kilometre of Marshall section. 
F i n a l l y the access method must be decided upon. There are two 
types of access method : 
(a) Sequential access, where the records are accessed i n physical order, 
so that to read the n*"*1 record of the disk f i l e the (n - 1) records 
before i t must also be read. 
(b) d i r e c t access, where any record can be accessed i n random order, 
so that the n*"*1 record of the disk f i l e can be read d i r e c t l y 
without any other records being read. 
T6" decide between the two access methods the various functions of 
the suite of programs must be examined. The programs perform the 
following procedures : 
( i ) Creation of disk f i l e s : since the amount of data i s large i t may 
not be possible to create the entire f i l e i n one run. 
( i i ) Updating of disk f i l e s : possibly only a selection of data on f i l e 
w i l l be updated at any one time. 
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( i i i ) P r i o r i t y Scan : this involves a sequential search of the 
inspection data f i l e f o r continuous lengths of pavement 
requiring remedial treatment. 
( i v ) Calculation of the l i f e expectancy of various roads i n the 
network, f o r which deflectograph readings are available. 
(v) Displays, i n histogram form, of the condition of various roads 
i n the network; these displays could be requested on a random 
basis. 
For a l l functions apart from ( i i i ) random access of the data f i l e s 
would be more e f f i c i e n t than sequential access. I n the extreme case to 
update one record only i n a f i l e of 6000 records would take an average 
of -5 Seconds for sequential access and 5 - 1 0 milliseconds for direct 
access, since sequential access requires that the f i l e be read, 
unproductively, u n t i l the required record i s reached. 
For the P r i o r i t y Rating scan dire c t access may give a marginally 
greater access time but the difference i n time is negligible. 
Therefore for greatest efficiency of access time f o r the functions 
envisaged, dire c t access f i l e s should be used. 
However to use direct access f i l e s the location of data on the 
f i l e must be known. For the inspection data f i l e this i s r e l a t i v e l y 
easy since each general information record has an associated block of 
inspection data records. Thus a pointer ( i n this application the record 
number of the f i r s t inspection data record) can be stored with the 
general information for each section to" give the location of the-
associated block of inspection data records. To f i n d the location of 
data on the general information f i l e an index is used. The index is a 
sequential f i l e which is searched to f i n d the location of the f i r s t 
general information record f o r a par t i c u l a r road. To make access quicker 
the index is s p l i t into six sections, one f o r each class of road, 
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Motorway, Trunk, A, B, C and Unclassified. To access a section other 
than the f i r s t i n a road the'pointer can be incremented and the 
general information record for that section read d i r e c t l y . Similarly 
the second and subsequent kilometre records for a Marshall Section can 
be accessed d i r e c t l y by incrementing the pointer for the f i r s t 
inspection data record associated with that section. 
The most e f f i c i e n t storage method for this application consists of 
a three t i e r system of f i l e s (an index, a general information f i l e , with 
one record per section and an inspection data f i l e with one record 
per kilometre of Marshall Section) stored on disk and using, f o r the 
general information f i l e and the inspection data f i l e , d i r e c t access 
methods. The structure of the f i l e s i s shown i n Fig. 2 below. 
I n d e x e s M a t t e r f i l e Information f i le 
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Figure 2 
D i r e c t a c c e s s f i le 
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6. F i l e Contents 
6.1 The General Information F i l e 
This f i l e contains data s p l i t into four broad categories : 
( i ) Geophysical: giving information f o r use with the r a t i n g 
system on the general condition of the section of road, 
details of the physical location of the section of road 
etc. 
( i i ) T r a f f i c : f a c i l i t a t i n g interface with the t r a f f i c 
information f i l e s to allow future trends i n t r a f f i c flows 
( p a r t i c u l a r l y numbers of heavy l o r r i e s ) and their putative 
effects on the f a b r i c of the roads to be assessed. 
( i i i ) Location and Administrative: to allow sharing of work 
throughout the County and to enable information to be 
extracted for various sub-divisions of the highway network. 
( i v ) H i s t o r i c a l data: giving an indication of the type, extent 
and timing of recent remedial work done. 
This general information gives valuable background data to 
the r a t i n g system and allows future trends to be examined. The 
contents of the f i l e are as follows :-
( i ) Geophysical Data: 
(a) Length. 
(b) National grid co-ordinates of s t a r t point and end point 
of section. 
(c) Restrictions on height and weight of vehicles using the 
section. 
(d) Surface i r r e g u l a r i t y factor. 
( i i ) T r a f f i c Data: 
(a) Link number ( f o r the l i n k which contains this section) 
(b) Node numbers for the above l i n k . 
(c) Speed l i m i t information. 
(d) T r a f f i c flows. 
(e) Percentage of heavy vehicles. 
( f ) R ealistic t r a v e l l i n g speed for the section, 
( i i i ) Location and Administrative Data: 
(a) Division. 
(b) D i s t r i c t . 
(c) Ministry GPH Number. 
(d) Delegation Limits. 
(e) Marshall Category. 
( f ) Urban/Rural Cla s s i f i c a t i o n , 
( i y ) H i s t o r i c a l Data: 
(a) Type of remedial work done. 
(b) Extent i n metres. 
(c) Year work carried out. 
(v) Pointer to the associated block of records i n the inspection 
data f i l e . 
6.2 Inspection Data 
There are three broad categories of inspection data: 
( i ) Data collected by inspection teams during routine inspections 
of the highway. 
( i i ) Data on gradients and r a d i i of bends. 
( i i i ) Data supplied by the Deflectograph and Scrim Machines 
(Appendix H) 
The contents of the inspection data f i l e is as follows : 
(a) Footway width l e f t and r i g h t . 
(b) Verge width l e f t and r i g h t . 
(c) Left footway deterioration. 
(d) Left verge deterioration. 
(e) Left kerb deterioration and upstand. 
( f ) Right kerb deterioration and upstand. 
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Right verge deterioration. 
Right footway deterioration. 
Left carriageway edge deterioration. 
Wheel track r u t t i n g . 
Wheel track cracking. 
Whole carriageway deterioration major. 
Whole carriageway deterioration minor. 
Right carriageway edge deterioration. 
Existing patching. 
Inadequate drainage. 
Carriageway width. 
Bend and Gradient Factors. 
Deflectograph records, (when available) 
SCRIM - skidding resistance records (when available) 
6.3 The Index 
This f i l e contains the road number, the number of sections 
contained by the road and the pointer to the f i r s t general information 
record associated with the road. 
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7, Creating the General Information F i l e 
The general information (or master) f i l e consists of one record 
per Marshall Section of road and contains data pertinent to the section 
as a whole (see 6.1). 
Certain of the data items stored on this f i l e are informative and 
are not essential to the i n i t i a l running of the p r i o r i t y r a t i n g system. 
Therefore to f a c i l i t a t e the creation of the general information f i l e 
only the following essential data items are stored at f i l e creation 
time. Other data items w i l l be added to the f i l e as they become 
available• 
Items i n i t i a l l y stored are s-
( i ) length. 
( i i ) l i n k number - the l i n k i n the t r a f f i c network which contains 
the section. 
( i i i ) node numbers - the nodes at the s t a r t and end of the above l i n k . 
( i v ) National Grid Co-ordinates of the s t a r t and end points of the 
section. 
(v) Division. 
( v i ) D i s t r i c t . 
( v i i ) Strategic Route Classification. (See Appendix A). 
( v i i i ) Marshall Category. 
( i x ) Delegation Classification. 
(x) Urban/Rural Classification. 
( x i ) D.O.E.* G.P.H. Number ( i f known) 
( x i i ) Speed Limit Data. 
( x i i i ) Adjacent Marshall Section : for a short length of dual carriageway 
this is the Marshall Section adjacent to the section under 
consideration, as shown in Fig. 3 below. 
* Department of the Environment. 
i 
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(x i v ) Delimiter : where a treatment length would end because of a 
discontinuity of the road, such as a roundabout or where a minor 
road crosses a major road, any treatment necessary on the minor 
road would not impinge on the major road. 
To create the general information f i l e the road i d e n t i f i e r must 
be entered i n the appropriate index, the position of the road i n the 
general information f i l e must be discovered and a pointer to the 
position of the r a t i n g data for each section of the road must be 
calculated. 
The program decides the index relevant to the road; i t then 
searches a l l indexes to f i n d the general information f i l e pointer 
with the highest value, giving the last road to be added to the 
general information f i l e and increments this pointer by the number of 
sections present i n that road, giving the position of the next "free" 
record i n the general information f i l e . Before the new road can be 
added to the index and therefore to the general information f i l e the 
next "free" position on the ra t i n g f i l e must be found. This i s 
calculated using the last general information record of the last road 
to be stored, since this record gives the position of the ra t i n g 
information relevant bo the f i r s t kilometre of the last Marshall 
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Section of the road. By incrementing this pointer by the smallest 
integer greater than the length of the section i n kilometres the 
position of the next "free" record of the r a t i n g f i l e can be found. 
The new road is then added to the appropriate index and the relevant 
data read from cards and stored i n the general information f i l e . 
The road i n d e n t i f i e r w i l l normally be the road number, but 
provision has been made for alphameric notation to reduce ambiguity. 
For example, where the Ml and the A.l(M) are both present i n a 
county area both would be entered i n the Motorway index with road 
i d e n t i f i e r '1' for the Ml and 'Al' for the A.l(M). 
Aii updating program is used to correct data already stored 
or to add new data to the f i l e . The program reads the road type and 
road i d e n t i f i e r from the reader card. The road type i d e n t i f i e s the 
index the program must search to f i n d the information associated with 
that road i d e n t i f i e r . The position of the general information record 
pertinent to the f i r s t Marshall Section of the road can be found from 
the index, and therefore the general information record for any section 
of the road can be updated d i r e c t l y by the program. The input data 
(sheets 2A and 2B i n Appendix B) is checked f o r i l l e g a l characters and 
any v a l i d data is entered i n the appropriate position i n the general 
information record and the whole record i s displayed. 
The general information records for a road or part of a road can 
be displayed on the l i n e p r i n t e r , with appropriate headings (See 
Appendix B). 
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General Information F i l e Programs 
There are four programs which manipulate the General Information 
F i l e Data. 
( i ) MASTRF - which creates the f i l e . 
( i i ) MFDISP - which displays the data on the f i l e . 
( i i i ) MFEDIT - which edits the data on the f i l e . 
( i v ) SNAME - adds a section description or name to each general 
information record. 
8.1 MASTRF 
This program sets up the index f i l e s and the general information 
f i l e . The f i r s t road to be entered on the general information f i l 
must have i t s data cards preceded by a card containing "CREATE" 
in the f i r s t six columns. This card sets a l l the keys to zero and 
i n i t i a l i s e s a l l the index f i l e s . 
Data f o r a l l Marshall Sections of a road need not be entered i n th 
same run since the program reads the section number from the card 
and accesses the relevant record d i r e c t l y . 
8.1.1 Data Input 
Card Type 1 
Cols 
1 Road Type. 
2 - 5 Road I d e n t i f i e r . 
6 - 8 Number of Marshall Sections i n the road. 
Card Type 2 
Cols. 
1 - 4 Node 1 1 Nodes on the t r a f f i c network. 
5 - 8 Node 2 
9-12 Link Number from the t r a f f i c network. 
13 - 14 Indicator for sequence of roads, and 
direction, i n a strategic route. 
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Card Type 2 (Continued) 
Cols. 
15 - 20 
21 - 26 
27 - 32 
33 - 38 
39 - 41 
42 
43 
44 
45 
46 
47 
48 - 52 
53 - 54 
55 - 57 
58 - 60 
61 - 62 
63 - 65 
66 - 68 
72 - 74 
78 - 80 
Card Type 
Cols . 
1 - 3 
Start Co-ordinates. 
Finish Co-ordinates, 
Easting 
Nor things 
Easting 
Northing 
Length. 
Division. 
D i s t r i c t . 
Strategic Route Classification. 
Marshall Category. 
Delegation Status. 
Urban or Rural Status. 
G.P.H. Number for Trunk Roads. 
Speed I 
Start Chainage *' Speed Limit Information 
End Chainage * 
Speed 
Start Chainage 
End Chainage 
Adjacent Marshall Section for dual 
carriageway roads. 
Marshall Section Number. 
Speed Limit Information 
"END" - delimiter Card. 
* To nearest 10 metres. 
I f only one road i s processed i n a s i n g l e run then no card Type 3 
i s necessary. 
There w i l l be as many cards Type 2 as there are Marshall Sections 
to be entered on the General I n f o r m a t i o n F i l e . 
Several roads may be processed i n a s i n g l e run, the sequence of 
cards f o r such a m u l t i p l e processing being as shown i n F i g . 4 below. 
Control cards 
Cards type 2 
Card type I 
Card type 3 
Cards type 2 
Card type I 
Control cards 
FIG. 4 
8.1.2 Error Messages 
The e r r o r messages produced by t h i s program are s e l f 
explanatory, as shown below : 
( i ) ILLEGAL CHARACTER ON CARD — 
( i i ) TOO MANY SECTIONS FOR ROAD — 
( i i i ) NO SECTIONS ENTERED FOR ROAD 
8.1.3 Output 
A d i s k record i s entered i n the appropriate index f i l e . 
As many general i n f o r m a t i o n records as there were cards 
Type 2, entered i n the General I n f o r m a t i o n F i l e i n the 
appropriate places. 
The format of the p r i n t e d output i s shown below, i n F i g 
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5. A more d e t a i l e d example of the p r i n t e d output i s 
given i n Appendix B. 
8.2 MFDISP 
This program displays records from the General I n f o r m a t i o n F i l e 
f o r a p a r t i c u l a r road. A l l Marshall Sections f o r a road can be 
displayed or a s e l e c t i o n of sections can be made. I f a l l sections 
are to be displayed no cards Type 2 are necessary. 
The program reads the Card Type 1, f i n d s the road i n the 
appropriate index and uses the p o i n t e r contained i n the index 
record to f i n d the re l e v a n t General Infor m a t i o n F i l e Records to 
be p r i n t e d out. 
8.2.1 Data Input 
Card Type 1 
Cols. 
1 Road Type. 
2 - 5 Road I d e n t i f i e r . 
6 - 8 i f a l l sections are to be p r i n t e d out then 
t h i s f i e l d should contain "ALL" otherwise 
i t should contain the t o t a l number of 
sections to be p r i n t e d . 
Card Type 2 
Cols. 
1 - 3 1st Section to be p r i n t e d out. 
4 - 6 2nd Section to be p r i n t e d out. 
7 - 9 3rd Section to be p r i n t e d out. 
10 - 12 4 t h Section to be p r i n t e d out. 
13 - 15 5th Section to be p r i n t e d out. 
16 - 18 6th Section to be p r i n t e d out. 
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Card Type 2 (Continued) 
Cols. 
19 - 21 7th Section to be p r i n t e d out. 
22 - 24 8th Section to be p r i n t e d out. 
25 - 27 9th Section to be p r i n t e d out. 
28 - 30 10th Section to be p r i n t e d out 
31 - 33 11th Section to be p r i n t e d out 
34 - 36 12th Section to be p r i n t e d out 
37 - 39 13th Section to be p r i n t e d out 
40 - 42 14 th Section to be p r i n t e d out 
43 - 45 15th Section to be p r i n t e d out 
46 - 48 16th Section to be p r i n t e d out 
49 - 51 17th Section to be p r i n t e d out 
52 - 54 18th Section to be p r i n t e d out 
55 - 57 19th Section to be p r i n t e d out 
58 - 60 20 th Section to be p r i n t e d out 
61 - 63 21st Section to be p r i n t e d out 
64 - 66 22nd Section to be p r i n t e d out 
67 - 69 23rd Section to be p r i n t e d out 
70 - 72 24th Section to be p r i n t e d out 
73 - 75 25th Section to be p r i n t e d out 
There w i l l be as many cards Type 2 as are needed to s p e c i f y 
the sections to be p r i n t e d . 
Further roads may be displayed by su b m i t t i n g subsequent 
Type 1 and Type 2 cards. 
8.2.2 Error Messages 
The e r r o r messages produced by t h i s program are s e l f 
explanatory, as shown below : 
( i ) ILLEGAL CHARACTER IN CARD. ---
( i i ) ROAD NO. DOES NOT EXIST IN INDEX. 
( i i i ) SECTION NO. DOES NOT EXIST FOR ROAD NO. 
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8.2.3 Output 
The output i s p r i n t e d and i s i d e n t i c a l to the p r i n t e d output 
produced by program MASTRF, as shown i n F i g . 5. 
8.3 MFED1T 
This program allows data to be added to the General I n f o r m a t i o n 
F i l e , or data present on the f i l e to be e d i t e d . 
The program f i n d s the s p e c i f i e d road i n the r e l e v a n t index, and uses 
the key contained i n the index record to f i n d the p o s i t i o n of the 
records to be e d i t e d . The program then t e s t s f o r non-blank 
f i e l d s i n the data cards, and checks th a t these f i e l d s do not 
contain i l l e g a l c h a r a c t e r s ( i . e . an alphabetic character i n a f i e l d 
which should be numeric). The General I n f o r m a t i o n F i l e record i s 
then updated w i t h the new value. The e n t i r e record i s then p r i n t e d 
out. 
8.3.1 Input Data 
Card Type 1 
Cols. 
1 Road Type. 
2 - 5 Road I d e n t i f i e r . 
6 - 8 Number of sections to be e d i t e d . 
Card Type 2A 
Cols. 
1 Card I d e n t i f i e r *A' 
2 - 5 Node 1 
6 - 9 Node 2 
10 - 13 Lin k Number. 
14 - 15 I n d i c a t o r f o r S t r a t e g i c Route. 
16 - 21 Easting ' 
22 - 27 Northing 
T r a f f i c Nodes. 
S t a r t Co-ordinates. 
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Card Type 2A (Continued) 
Cols. 
28 - 33 Easting ' 
i F i n i s h Co-ordinates. 
34 - 39 Northing 
40 - 42 Length. 
43 D i v i s i o n . 
44 D i s t r i c t . 
45 S t r a t e g i c Route. 
46 Marshall Category. 
47 Urban or Rural C l a s s i f i c a t i o n . 
48 - 52 M i n i s t r y G.P.H. Number. 
53 - 54 Speed. 
55 - 58 S t a r t Chainage > Speed L i m i t I n f o r m a t i o n 
59 - 62 End Chainage 
63 - 64 Speed 
65 - 68 S t a r t Chainage > Speed L i m i t I n f o r m a t i o n 
6 9 - 7 2 End Chainage 
73 - 75 Adjacent Marshall Section. 
78 - 80 Marshall Section. 
Card Type 2B 
Cols. 
1 Card I d e n t i f i e r 'B* 
2 Delegation Factor. 
3 - 6 Delegation S t a r t Chainage. 
7 - 1 0 Delegation End Chainage. 
11 - 12 Degree of Urbanisation. 
13 - 15 H i l l y n e s s Factor. 
16 - 18 Bendiness Factor. 
19 - 21 R e a l i s t i c T r a v e l l i n g Speed. 
22 - 23 Year " 
, T r a f f i c Data 
24 - 28 Flow 
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Card Type 2B (Continued) 
Cols. 
29 - 30 
31 - 35 
36 - 37 
38 - 42 
43 - 44 
45 
T r a f f i c Data. 
Flow 
> T r a f f i c Data 
Flow 
Percentage of heavy vehicles 
Treatment 
Work Done. 
Bump I n t e g r a t o r Data 
R e s t r i c t i o n s . 
46 - 47 Year 
4 8 - 5 1 Length 
52 Treatment 
53 - 54 Year > Work Done. 
5 5 - 5 8 Length 
59 - 60 Year 
61 - 63 Reading 
64 - 66 Height 
67 - 69 Weight 
78 - 80 Section Number. 
There w i l l be as many cards Type 2A and 2B as are necessary 
to describe the data to be e d i t e d . Data f o r several roads 
may be submitted i n a s i n g l e run by using subsequent cards 
Type 1, 2A and 2B to describe the e d i t i n g data. 
8.3.2 Er r o r _.Me s s age s 
The e r r o r messages produced by t h i s program are s e l f 
explanatory as shown below :-
( i ) ILLEGAL CHARACTER ON CARD 
( i i ) ROAD NUMBER DOES NOT EXIST 
( i i i ) SECTION NO. DOES NOT EXIST FOR ROAD NO. 
8.3.3 Output 
The p r i n t e d output from t h i s program i s i d e n t i c a l to th a t 
produced by program MASTRF as shown i n F i g . 5. 
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8.4 SNAME 
This program adds a se c t i o n i d e n t i f i e r or name, 40 characters 
long, to the General Information F i l e . This can be p r i n t e d as 
a heading i n other programs to a i d i d e n t i f i c a t i o n of sections. 
8.4.1 Data Input 
Card Type 1 
Cols • 
1 Road Type. 
2 - 5 Road I d e n t i f i e r . 
6 - 8 Number of Sections f o l l o w i n g . 
Card Type 2 
Cols. 
1 - 3 Section Number. 
4 - 4 3 Section I d e n t i f i e r . 
8.4.2 Error Messages 
The e r r o r messages produced by t h i s program are s e l f 
explanatory and are shown below : 
( i ) ROAD NO. DOES NOT EXIST 
( i i ) SECTION NO. DOES NOT EXIST. 
8.4.3 Output 
The p r i n t e d output from t h i s program consists of a d i r e c t o r y 
f o r each road showing the s e c t i o n number followed by a f o r t y 
character d e s c r i p t i o n of the s e c t i o n (See Appendix B). This 
d e s c r i p t i o n i s also stored i n the General In f o r m a t i o n F i l e 
record f o r each s e c t i o n . 
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Creating the Rating F i l e 
The r a t i n g f i l e c onsists of one record f o r each ki l o m e t r e (or p a r t 
t h e r e o f ) of a Marshall Section. Each record contains i n f o r m a t i o n 
recorded at 100 metre i n t e r v a l s ; t h i s i n f o r m a t i o n f a l l s i n t o three 
categories :-
( i ) I n s p e c t i o n Data - recorded deformation and d e t e r i o r a t i o n of the 
pavement and roadside. 
( i i ) SCRIM data - ski d d i n g resistance values. 
( i i i ) Deflectograph data - data r e l a t i n g to the s t r e n g t h of the 
pavement. 
The various types of data are c o l l e c t e d separately and -in- d i f f e r e n t 
ways; the forms of the data are d i f f e r e n t and they r e q u i r e varying amounts 
of manipulation before they are stored. Thus a separate program i s 
requ i r e d f o r each type of data. 
9.1 In s p e c t i o n Data 
The i n s p e c t i o n data i s c o l l e c t e d as described i n NOTE A and 
tra n s c r i b e d i n t o data sheet 3 (see Appendix B) f o r punching. The 
data at t h i s stage i s i n a f a i r l y raw form and must be transformed 
i n t o r a t i n g values and a l l o c a t e d to the re l e v a n t subsections. This 
manipulation i s performed by a computer program o b v i a t i n g the 
necessity f o r tedious and e r r o r prone hand c a l c u l a t i o n s . 
The program has been w r i t t e n so tha t the i n p u t data i s accepted i n 
a f l e x i b l e manner. I f a defect i s not present f o r a subsection 
then no data f o r t h a t defect on t h a t subsection i s entered. Where 
f i x e d i n t e r v a l recording i s used and a series of i n t e r v a l s have 
the same value associated w i t h them then only one entry i s made, 
s i m i l a r to a continuously recorded d e f e c t . There i s no f i x e d 
order of data i n p u t , but a l l data f o r a p a r t i c u l a r s e c t i o n must be 
entered together. I f the i n p u t data f o r a defect overlaps onto a 
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second or subsequent card these cards are not r e q u i r e d t o be 
entered consecutively. The program w i l l recognise the 4 l e t t e r 
code associated w i t h a p a r t i c u l a r defect and w i l l c a l c u l a t e the 
t o t a l d e t e r i o r a t i o n f o r each subsection from the data f o l l o w i n g 
t h i s code. At the end of the data f o r each s e c t i o n a d e l i m i t e r 
card i s necessary. The r a t i n g p o i n t s a l l o c a t e d to each 
subsection are c a l c u l a t e d as shown below : 
9.1.1 Pavement* Defects 
For continuously recorded defects the program c o l l e c t s a l l 
d e t e r i o r a t i o n f o r a p a r t i c u l a r defect p e r t a i n i n g to a hundred 
metre subsection. A r a t i n g r e l a t i o n s h i p i s then applied to 
t h i s t o t a l value g i v i n g the r a t i n g p o i n t s f o r that defect 
f o r that subsection. C e r t a i n defects r e q u i r e t h a t the width 
of the pavement be known before the t o t a l d e t e r i o r a t i o n can 
be c a l c u l a t e d . This i s done by s t o r i n g the area of 
d e t e r i o r a t i o n , and when a l l data f o r the s e c t i o n has been 
i n p u t , i n c l u d i n g the carriageway w i d t h , the t o t a l area of 
each subsection i s c a l c u l a t e d and the percentage d e t e r i o r a t i o n 
can then be deduced f o r t h a t d e f e c t , on each subsection a f f e c t e d . 
For defects recorded at f i x e d i n t e r v a l s the r a t i n g r e l a t i o n s h i p s 
are applied to the i n d i v i d u a l f i x e d i n t e r v a l recordings, where 
these are s i g n i f i c a n t . The r a t i n g p o i n t s so given are then 
averaged over the subsection. 
9.1.2 Roadside Defects 
C e r t a i n standards f o r roadside defects vary according to 
whether the subsection of highway i s deemed to be urban or 
r u r a l , and also w i t h usage. Thus where a r u r a l f o o t p a t h i s 
sa i d to be well-used the standard of kerbing e t c . w i l l be 
higher than t h a t f o r a l i t t l e used r u r a l f o o t p a t h . A code 
Pavement - road surface between kerbs or verges. 
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i s input i n the cards g i v i n g t h i s i n f o r m a t i o n . The program 
then decides which of several r a t i n g r e l a t i o n s h i p s i s 
appropriate and then continues as f o r the pavement defects. 
There i s one defect which i s deduced r a t h e r than measured. 
This i s the p r o v i s i o n of kerbs f o r the p r o t e c t i o n of 
pedestrians. The program c a l c u l a t e s the length of road, 
per subsection, having a pavement nearer than a standard 
value but having no kerb. The r a t i n g r e l a t i o n s h i p f o r urban 
! or r u r a l roads, depending on the s i t u a t i o n of the p a r t i c u l a r 
subsection, i s then applied g i v i n g the r e l a t i v e c r i t i c a l i t y 
i 
f o r kerbing. 
The program p r i n t s out a l l r a t i n g p o i n t s c o l l e c t e d f o r each 
defect f o r each subsection, i n d i c a t i n g c r i t i c a l i t y where 
necessary, as shown i n Appendix D- These values are then 
stored on the r a t i n g f i l e . 
9.2 SCRIM Data 
This type of data i s not at present being c o l l e c t e d or stored. When 
a s a t i s f a c t o r y method of i n t e r p r e t i n g r e s u l t s has been discovered 
a system of storage and manipulation w i l l be devised. (See Appendix 
H). 
9.3 Deflectograph Data 
The Deflectograph Data i s c o l l e c t e d as described i n TRRL Report 
LR 571. The output from the machine i s i n the form of a t r a c e , 
or histogram. A punched paper tape output i s envisaged i n the 
f u t u r e since the trace output must be d i g i t i s e d * producing paper 
tape output before i t can be used i n the volumes necessary f o r 
Durham's highway network. For each sub-section an 85 p e r c e n t i l e ^ 
* using a base l i n e as reference, accurate co-ordinates may be assigned to a p o i n t 
by the use of a d i g i t i s i n g machine. 
4 85 p e r c e n t i l e - the l e v e l below which 857, of the readings f o r the subsection 
w i l l l i e . 
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reading i s c a l c u l a t e d and t h i s reading i s adjusted f o r temperature. 
The c o n s t r u c t i o n m a t e r i a l s of the road and the date of the 
c o n s t r u c t i o n or l a s t major r e s u r f a c i n g of the road must be known. 
The present t r a f f i c flows and the percentage of heavy veh i c l e s are 
determined, and the estimated growth f a c t o r of t r a f f i c i n the years 
since the c o n s t r u c t i o n or l a s t r e s u r f a c i n g of the road must be 
known so t h a t the cumulative heavy t r a f f i c over t h a t period can be 
c a l c u l a t e d . jFrom graphs (see Appendix H) the cumulative heavy t r a f f i c 
needed to cause f a i l u r e of the road (on the basis of the above 
inf o r m a t i o n ) can be determined. Thus the l i f e of the road can be 
c a l c u l a t e d , since the present heavy v e h i c l e f l o w i s known and the 
growth f a c t o r can be estimated. This road l i f e f i g u r e provides a 
check f o r the v i s u a l i n s p e c t i o n data, and gives us e f u l data on the 
s t r e n g t h of the roads i n the county. For a d e t a i l e d d e s c r i p t i o n 
of the working method of the above c a l c u l a t i o n s see Appendix H and 
TRRL Report LR 571. 
- 38 -
The Rating F i l e Programs 
10.1 RATE 
This program stores the i n s p e c t i o n data i n the r a t i n g f i l e , and 
requires t h a t the in s p e c t i o n data recorded on data sheet A be 
tra n s c r i b e d onto data sheet 3 (See Appendix B f o r examples of data 
sheets). 
A f o u r l e t t e r code i s used to i d e n t i f y the de f e c t , as f o l l o w s : 
Code D e s c r i p t i o n 
( L e f t ) ( R i g h t ) 
LFWY RFWY Footway presence and w i d t h . 
LFWD RFWD Footway d e t e r i o r a t i o n . 
LVRG RVRG Verge presence and wid t h . 
LVGD RVGD Verge d e t e r i o r a t i o n . 
LKBU RKBU Kerb presence and upstand. 
LK.BD RKBD Kerb d e t e r i o r a t i o n . 
CWAY Carriageway type and w i d t h . 
LEDG REDG Edge d e t e r i o r a t i o n . 
LRUT RRUT Wheel t r a c k r u t t i n g . 
LWTC RWTC Wheel t r a c k cracking. 
WCMA Whole carriageway major d e t e r i o r a t i o n . 
EXPT E x i s t i n g patching. 
WCMI Whole carriageway minor d e t e r i o r a t i o n . 
RIDR LIDR Inadequate drainage. 
The program t r e a t s the data associated w i t h the various codes i n 
d i f f e r e n t ways, since the recording and requirements of the 
defects d i f f e r . 
- 39 -
10.1.1 Footway and verge presence and carriageway w i d t h 
This data i s recorded i n a continuous manner, and the 
value given i s assigned to the hundred metre subsections 
between the s t a r t chainage and the end chainage of the 
e n t r y . I f the footway or verge ends (or s t a r t s ) i n the 
middle of a hundred metre subsection then i t i s deemed 
to e x i s t f o r the f u l l subsection. I f a footway, verge 
or carriageway changes w i d t h i n the middle of a subsection 
the value assigned to t h a t subsection i s the average o f 
the two widths present. 
10.. 1.2 Footway, verge and .whole, carriageway major d e t e r i o r a t i o n 
This data i s recorded as a w i d t h of d e t e r i o r a t i o n , i n 
the case of continuous r e c o r d i n g or as an area of 
d e t e r i o r a t i o n i n the case of spot recording. The w i d t h 
of d e t e r i o r a t i o n i s converted to an area by m u l t i p l y i n g 
i t by the percentage l e n g t h of the subsection a f f e c t e d 
by the d e t e r i o r a t i o n , given by the s t a r t and end 
chainages. A l l such areas of d e t e r i o r a t i o n are then 
t o t a l l e d f o r a subsection. From the carriageway, footway, 
or verge w i d t h f o r the subsection, whichever i s 
a p p r o p r i a t e , and the l e n g t h of the subsection, the t o t a l 
area o f the subsection can be c a l c u l a t e d . Therefore the 
percentage d e t e r i o r a t i o n can be found. A r a t i n g 
r e l a t i o n s h i p i s applied to t h i s percentage d e t e r i o r a t i o n 
to determine the t o t a l r a t i n g p o i n t s f o r the defect f o r 
t h a t subsection. 
10.1.3 Kerb upstand 
This defect i s recorded at f i x e d i n t e r v a l s , i . e . 25 metres, 
and the standard to be applied depends on whether the area 
i s considered to be urban or r u r a l , and i f r u r a l whether 
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the footway, i f present, i s f r e q u e n t l y or r a r e l y used. 
Thus the appropriate t a r g e t kerb upstand i s determined 
and the corresponding r a t i n g r e l a t i o n s h i p can be found. 
The recorded kerb upstand f o r a s i n g l e 25 metre i n t e r v a l 
i s then compared w i t h the determined standard or t a r g e t 
value. I f the recorded value i s higher than the t a r g e t 
value no f u r t h e r a c t i o n i s taken since the reading i s 
the r e f o r e not s i g n i f i c a n t . I f the recorded value i s 
lower than the t a r g e t value the d i f f e r e n c e between the 
recorded and t a r g e t values, i n m i l l i m e t r e s , i s used 
w i t h the appropriate r a t i n g r e l a t i o n s h i p to determine the 
r a t i n g points f o r the 25 metre i n t e r v a l . This process 
i s repeated f o r a l l such 25 metre i n t e r v a l s , and the 
r a t i n g points awarded are averaged to give the 
corresponding r a t i n g points f o r the 100 metre subsections, 
t h a t the 25 metre i n t e r v a l s are contained w i t h i n . 
10.1.4 Kerb d e t e r i o r a t i o n 
This defect i s recorded i n a continuous manner, and from 
the s t a r t and end chainages percentage d e t e r i o r a t i o n s 
are ascertained and assigned to the r e l e v a n t 100 metre 
subsections. A r a t i n g r e l a t i o n s h i p i s applied to 
these percentage d e t e r i o r a t i o n s t o determine the r a t i n g 
points assigned to the subsections. 
10.1.5 Edge D e t e r i o r a t i o n 
This defect has three s e v e r i t i e s associated w i t h i t , as 
below* 
* From NOTE A p.16 
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( i ) S e verity 1 - edge erosion and need f o r patching 
present but l i t t l e o v e r r i d i n g of the 
verge i s occuring. 
( i i ) S e v e r i t y 2 - serious o v e r r i d i n g of the verge w i t h 
p o t - h o l i n g of the edge and verge. 
( i i i ) S e v e r i t y 3 - serious o v e r r i d i n g of the verge, 
p o t h o l i n g of the edge and verge and 
serious deformation of the carriageway 
i n the v i c i n i t y of the edge. 
Thus i n a s i n g l e subsection various amounts of the three 
s e v e r i t i e s may be present, c o n t r i b u t i n g to the f i n a l ' 
r a t i n g points f o r t h a t subsection and therefore to i t s 
possible c r i t i c a l i t y . Three r a t i n g r e l a t i o n s h i p s are 
necessary so t h a t both the amount and s e v e r i t y of the 
defect may be considered when r a t i n g points are assigned. 
These r e l a t i o n s h i p s must be such t h a t r a t i n g points 
a l l o c a t e d to the various s e v e r i t i e s must be a d d i t i v e and 
such t h a t a s i n g l e set of c r i t i c a l l e v e l s may be used 
to determine c r i t i c a l i t y , regardless of the var y i n g 
proportions of r a t i n g p o i n t s a l l o c a t e d from the d i f f e r e n t 
s e v e r i t i e s . Thus f o r each s e v e r i t y , the t o t a l percentage 
d e t e r i o r a t i o n i s c a l c u l a t e d f o r the subsection and the 
r e q u i s i t e r a t i n g r e l a t i o n s h i p f o r t h a t s e v e r i t y a p p l i e d ; 
the r e s u l t i n g r a t i n g p o i n t s are then t o t a l l e d f o r a l l 
s e v e r i t i e s over the subsection. 
10.1.6 Wheel t r a c k r u t t i n g 
This defect i s recorded at f i x e d i n t e r v a l s , i . e . 25 metres. 
The s i g n i f i c a n t l e v e l of r u t t i n g has been taken as 10 
m i l l i m e t r e s ; any r u t t i n g below t h i s f i g u r e being ignored 
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by t h i s program. The r a t i n g r e l a t i o n s h i p i s a p p l i e d to 
the i n d i v i d u a l measurements and the r e s u l t a n t r a t i n g 
p o ints are averaged over the corresponding s u b s e c t i o n s . 
The s i d e of the road c o l l e c t i n g the most r a t i n g p oints 
f o r a p a r t i c u l a r s u b s e c t i o n determines the r a t i n g p oints 
value assigned to that s u b s e c t i o n . 
10.1.7 Wheel t r a c k c r a c k i n g 
T h i s d e f e c t can be present i n one or both wheel t r a c k s . 
The t o t a l length of c r a c k i n g present over both wheel 
t r a c k s i s compared with twice the length of the s u b s e c t i o n 
c o n t a i n i n g the c r a c k i n g to give the percentage d e t e r i o r a t i o n 
f o r the d e f e c t f o r the s u b s e c t i o n . The r a t i n g r e l a t i o n s h i p 
i s then a p p l i e d and the s i d e of the road c o l l e c t i n g the 
most r a t i n g p o i n t s f o r the s u b s e c t i o n i s s t o r e d as the 
r a t i n g p o i n t s value f o r that s u b s e c t i o n . 
10.1.8 E x i s t i n g patching 
T h i s d e f e c t i s recorded at f i x e d i n t e r v a l s , i . e . 25 
metres. The estimated percentage d e t e r i o r a t i o n i s 
recorded by the i n s p e c t i o n teams, and i f t h i s value i s 
g r e a t e r than the standard value then the program a s s i g n s 
ten r a t i n g p o i n t s to the s u b s e c t i o n c o n t a i n i n g the 
i n t e r v a l . I f the recorded value i s l e s s than the standard 
value then no p o i n t s are assigned. No c r i t i c a l i t y i s 
t e s t e d f o r or assigned with r e s p e c t to t h i s d e f e c t . 
10.1.9 Whole carriageway minor d e t e r i o r a t i o n 
T h i s d e f e c t i s recorded on the 25 metre f i x e d i n t e r v a l s 
as a presence or absence only. I f p r e sent a r a t i n g value 
i s assigned and these r a t i n g values are averaged over 
the s e c t i o n . 
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10.1.10 Inadequate drainage 
T h i s d e f e c t i s not measured during the v i s u a l i n s p e c t i o n . 
The road i s inspected a f t e r r a i n , to f i n d the areas where 
water i s not being drained from the road. The d e f e c t 
i s recorded i n a continuous manner as a presence of 
inadequate drainage. The v a r i o u s amounts of the d e f e c t 
are t o t a l l e d f o r each s u b s e c t i o n and a r a t i n g r e l a t i o n s h i p 
i s a p p l i e d to give r a t i n g point v a l u e s . The s i d e of the 
road having the g r e a t e r r a t i n g p o i n t value f o r the 
s u b s e c t i o n i s taken as the r a t i n g point value f o r the 
s u b s e c t i o n ; 
10.1.11 Data input 
Card Type 1 
C o l s . 
1 Road Type. 
2 - 5 Road I d e n t i f i e r . 
6 - 8 No. of s e c t i o n s 
Card Type 2 
C o l s . 
1 - 4 Code. 
5 - 8 S t a r t chainage. 
9 - 1 0 Type. 
11 - 13 Measure. 
14 - 17 F i n i s h chainage. 
1 9 - 3 1 
33 - 45 
47 - 59 As f o r c o l s . 5 -
6 1 - 7 3 J 
73 - 80 Sequence. 
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Card Type 3 
C o l s . 
1 - 3 "END" - d e l i m i n t e r card. 
There w i l l be as many cards Type 2 as are n e c e s s a r y to 
d e s c r i b e a l l the i n s p e c t i o n data p e r t a i n i n g to a s e c t i o n , 
followed by a card Type 3. F u r t h e r blocks of cards Type 2 
and Type 3 w i l l f o l l o w u n t i l a l l s e c t i o n s f o r which 
i n s p e c t i o n data i s to be presented have been d e s c r i b e d . 
A b r i e f d e s c r i p t i o n of the data to be entered under the 
card Type 2 headings f o l l o w s :-
( i ) CODE - a four l e t t e r a b b r e v i a t i o n i d e n t i f y i n g the 
type of data ( d e f e c t , e t c . ) f o l l o w i n g , see 
s e c t i o n 10.1 above. 
( i i ) S t a r t chainage - the chainage a t which : 
(a ) an element (footway, verge, kerb e t c . ) of the 
road begins. 
(b) an element of road changes type. 
( c ) an element of road changes width. 
(d) a s e c t i o n of d e t e r i o r a t i o n begins. 
( e ) a s e c t i o n of d e t e r i o r a t i o n changes s e v e r i t y . 
( f ) a s e c t i o n of d e t e r i o r a t i o n changes width. 
(g) a kerb changes upstand. 
( i i i ) Type - i n d i c a t e s the m a t e r i a l of which the element 
of the road i s c o n s t r u c t e d . I t i s i n d i c a t e d 
u s i n g approved a b b r e v i a t i o n s . 
I n the case of footway types only the f i r s t 
c h a r a c t e r i d e n t i f i e s the m a t e r i a l ; the second 
c h a r a c t e r i n d i c a t i n g the footway usage as 
fo l l o w s :-
- 45 -
U - urban s i t u a t i o n . 
F - r u r a l s i t u a t i o n w i t h frequent usage. 
L - r u r a l s i t u a t i o n with l i t t l e usage. 
( i v ) Measure - i n d i c a t e s : 
( a ) the width of carriageway, footway or verge 
( t o 1 decimal p l a c e ) 
(b) the width of whole carriageway major, footway 
or verge d e t e r i o r a t i o n ( t o 1 decimal p l a c e ) 
( c ) the ar e a of spot d e t e r i o r a t i o n of carriageway, 
footway and verge. 
(d) the s e v e r i t y of edge d e t e r i o r a t i o n . 
( e ) the number of wheel t r a c k s i n which c r a c k i n g 
o c c u r s . 
( f ) the kerb upstand. 
(g) the percentage of e x i s t i n g p a tching. 
(h) the depth of r u t t i n g . 
( v ) F i n i s h chainage - the chainage a t which : 
( a ) an element of road f i n i s h e s . 
(b) a s e c t i o n of d e t e r i o r a t i o n f i n i s h e s . 
( c ) a spot d e t e r i o r a t i o n o c c u r s ( f o r spot 
d e t e r i o r a t i o n the s t a r t and f i n i s h chainages 
a r e e q u a l ) . 
( v i ) Sequence - t h i s i n d e n t i f i e s the road, the s e c t i o n 
and the sequence of cards w i t h i n the 
s e c t i o n . The s e c t i o n number must be 
present i n C o l s . 75 and 76 on the f i r s t 
card Type 2 f o r a s e c t i o n , to a l l o w the 
program to i d e n t i f y the s e c t i o n the data 
d e s c r i b e s . 
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10.1.12 Incomplete su b s e c t i o n s 
A Marshall S e c t i o n w i l l probably not end at a chainage 
which i s a m u l t i p l e of one hundred metres. Thus the 
l a s t s u b s e c t i o n of the M a r s h a l l S e c t i o n w i l l be incomplete. 
For the purposes of c a l c u l a t i n g percentage d e t e r i o r a t i o n s 
the a c t u a l length of the incomplete s u b s e c t i o n i s used, 
t h i s process g i v i n g a more a c c u r a t e p i c t u r e of the 
d e t e r i o r a t i o n f o r that s u b s e c t i o n , r a t h e r than t a k i n g the 
length of a l l s u b s e c t i o n s to be 100 metres f o r the purposes 
of c a l c u l a t i o n . 
10.1.13 E r r o r messages 
The e r r o r messages f o r t h i s program are s e l f explanatory, 
as shown below :-
( i ) ILLEGAL CHARACTER IN CARD 
( i i ) ROAD NO. DOES NOT EXIST. 
( i i i ) SECTION NO. DOES NOT EXIST. 
10.1.14 Output 
The output to d i s k c o n s i s t s of a matrix of r a t i n g point 
values and element widths. Each d i s k r e c o r d contains 
data p e r t i n e n t to one k i l o m e t r e of Mar s h a l l S e c t i o n , w i t h 
values s t o r e d f o r the 100 metre s u b s e c t i o n s as shown 
i n s e c t i o n 6.2 above. 
The p r i n t e d output i s as shown i n F i g u r e 6 below and i n 
Appendix B. A d e f e c t which i s c r i t i c a l f o r treatment on a 
s u b s e c t i o n i s tagged w i t h a code l e t t e r to show the 
treatment n e c e s s a r y . The codes used are as f o l l o w s :-
( i ) K - a kerb, footway or verge i s c r i t i c a l f o r 
remedial treatment. 
( i i ) C - r e c o n s t r u c t i o n of the road. 
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( i i i ) R - r e s u r f a c i n g of the road. 
( i v ) D - s u r f a c e d r e s s i n g of the road. 
( v ) H - haunch/kerb - r e c o n s t r u c t i o n of the edge of a road. 
( v i ) P - patch the edge of the road. 
( v i i ) T - drainage treatment. 
I f no data i s input f o r a s e c t i o n , that s e c t i o n w i l l not 
appear i n the p r i n t o u t . 
10.2 MDISP* 
This program t o t a l s the r a t i n g p o i n t s f o r each s u b s e c t i o n along a 
road and p r i n t s a histogram showing the' t o t a l r a t i n g p o i n t s f o r 
the s u b s e c t i o n and general data concerning the s e c t i o n and 
s u b s e c t i o n . 
10.2.1 Data input 
Card Type 1 
C o l s . 
1 Road Type 
2 - 5 Road I d e n t i f i e r . 
6 - 8 No. of s e c t i o n s to be p r i n t e d . 
Card Type 2 
C o l s . 
1 - 3 1 s t s e c t i o n to be p r i n t e d out. 
4 - 6 2nd s e c t i o n to be p r i n t e d out. 
7 - 9 3rd s e c t i o n to be p r i n t e d out. 
10 - 12 4th s e c t i o n to be p r i n t e d out. 
13 - 15 5th s e c t i o n to be p r i n t e d out. 
70 - 72 24th s e c t i o n to be p r i n t e d out. 
* T h i s program was w r i t t e n by Miss P. F. Dobson to s p e c i f i c a t i o n s by the author. 
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I f columns 6 - 8 of Card Type 1 are l e f t blank a l l s e c t i o n s w i l l 
be p r i n t e d out and no cards Type 2 are needed. 
There w i l l be as many Cards Type 2 as are n e c e s s a r y to d e s c r i b e 
a l l s e c t i o n s to be p r i n t e d out. F u r t h e r blocks of cards Type 1 
and 2 may be submitted i f f u r t h e r roads a r e r e q u i r e d to be p r i n t e d 
out. 
10.2.2 E r r o r messages 
The e r r o r messages f o r t h i s program are s e l f explanatory 
as shown below : 
( i ) ROAD NO. DOES NOT EXIST. 
(.U) SECTION NO. DOES NOT EXIST. 
( i i i ) ILLEGAL CHARACTER IN CARD 
10.2.3 Output 
There i s no output to d i s k as t h i s i s pur e l y a d i s p l a y 
program. 
The p r i n t e d output shows the t o t a l r a t i n g p o i n t s f o r each 
s u b s e c t i o n of the road i n histogram form and d i s p l a y s 
v a r i o u s c a t e g o r i e s of information from the General 
Information f i l e and from the Rat i n g f i l e , as shown i n 
Appendix B and F i g u r e 6A below. 
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11. The P r i o r i t y R a t i n g System 
There w i l l seldom, i f ever, be s u f f i c i e n t funds a v a i l a b l e to the 
Maintenance Engineer to c a r r y out a l l remedial work n e c e s s a r y to 
maintain a l l roads i n the County network to a uniformly high standard. 
A p r i o r i t y system i s t h e r e f o r e envisaged, a l l o w i n g a v a i l a b l e funds to 
be a l l o c a t e d f o r maximum c o s t b e n e f i t . The purpose of t h i s P r i o r i t y 
R a t i n g System i s to provide the Maintenance Engineer w i t h e a s i l y 
a s s i m i l a b l e data; a p r e c i s of the o b j e c t i v e i n s p e c t i o n data h i g h l i g h t i n g 
those f a c t s p e r t i n e n t to h i s d e c i s i o n s . Thus the system i s a u s e f u l 
t o o l f o r the engineer, and as such must be f l e x i b l e enough to gi v e both 
the g e n e r a l , o v e r a l l p i c t u r e of the County network and a d e t a i l e d 
p i c t u r e of a s m a l l s e c t i o n of a p a r t i c u l a r road. T h i s f l e x i b i l i t y i s 
achieved by having s e v e r a l l e v e l s of r e p o r t s , of v a r y i n g design and 
degree of d e t a i l , some of which have been d e s c r i b e d above ( S e c t i o n s 8 
and 10). 
The scope and format of the r e p o r t s are d i c t a t e d by the information 
r e q u i r e d by the Engineer to formulate h i s programme of work. Many 
f a c t o r s must be considered; the information s u p p l i e d by the R a t i n g 
System i s as f o l l o w s :-
( i ) the urgency of the work - given by the p r i o r i t y r a t i n g p o i n t s 
a l l o c a t e d to a length of road on the b a s i s of the v i s u a l i n s p e c t i o n ; 
and by c o n s i d e r a t i o n of the estimated r e s i d u a l l i f e of the length 
of road given by the Deflectograph r e a d i n g s . 
i 
( i i ) The importance of the road - given by i t s M a r s h a l l Category, i t s 
t r a f f i c and i t s economic e f f e c t as a through route or heavy 
v e h i c l e route s e r v i n g t r a d i n g e s t a t e s e t c . 
( i i i ) the f u t u r e of the road - where redevelopment or improvement i s 
scheduled or i n d i c a t e d c o s t l y maintenance would be avoided where 
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p o s s i b l e . 
( i v ) The p o s i t i o n of the road - work must be shared between d i v i s i o n s 
w i t h i n the County, such t h a t one d i v i s i o n i s not i d l e whereas 
another i s overburdened w i t h work, otherwise demand f o r labour 
would be uneven or t r a n s f e r a l of s t a f f between d i v i s i o n s could 
i n v o l v e long and tedious journeys to and from a s i t e . T h i s 
problem i s not so severe i n urban s i t u a t i o n s , where the road 
network tends to be more compact. 
11.1 Treatment Lengths 
Where s e v e r a l contiguous s u b s e c t i o n s r e q u i r e the same treatment 
w i t h the same degree of urgency then i t would be advantageous to the 
Engineer to group these s u b s e c t i o n s together to form treatment l e n g t h s . 
T h i s allows the Engineer to a s s e s s the extent of the weakness of the 
f a b r i c of the road, which i s more d i f f i c u l t i f each s u b s e c t i o n i s 
considered s e p a r a t e l y . The technique used to group the s u b s e c t i o n s 
i n t h i s way i s C l u s t e r A n a l y s i s (See Appendix G), which avoids most 
of the common p i t f a l l s of the"running l e n g t h " techniques. Where a 
s i t u a t i o n e x i s t s as shown i n F i g . 7 below, any averaging of p r i o r i t i e s 
would r e s u l t i n a d i s t o r t i o n of the r e s u l t s ( a lowering of the high 
p r i o r i t y s u b s e c t i o n s and an enhancement of the lower p r i o r i t y sub-
s e c t i o n s ) . C l u s t e r A n a l y s i s by a l l o w i n g only s u b s e c t i o n s w i t h 
p r i o r i t i e s of the same order of magnitude to be merged, p r e s e r v e s 
d e t a i l to a g r e a t e r e x t e n t , w h i l s t a l l o w i n g acceptable g e n e r a l i s a t i o n 
of data. 
gating .Average. Priority .Rating _ 
Reconstruction Critical Level 
Resurfacing Critical Level 
{> 
Length to be 
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Length to be reconstructed. 
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Figure 7. 
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.2 C r e a t i n g the C l u s t e r F i l e 
S i n c e s e v e r a l forms of p r i n t o u t are envisaged u s i n g treatment 
lengths as a b a s i c u n i t a d i s k f i l e i s c r e a t e d by s t o r i n g any 
c l u s t e r s found to be c r i t i c a l f o r remedial treatment. T h i s 
C l u s t e r i n g procedure i s c a r r i e d out only f o r carriageway d e f e c t s , 
s i n c e roadside d e f e c t s tend to be l e s s expensive to remedy and 
r e l a t i v e l y minor i n n a t u r e . The c l u s t e r technique i s used on the 
s i x major d e f e c t s s e p a r a t e l y , the d e f e c t s being : 
( i ) Wheel Track R u t t i n g . 
( i i ) Wheel Track Cracking. 
( i i i ) Whole Carriageway Major D e t e r i o r a t i o n . 
( i v ) Whole Carriageway Minor D e t e r i o r a t i o n . 
( v ) Edge D e t e r i o r a t i o n . 
( v i ) Inadequate drainage. 
Each c l u s t e r has an average p r i o r i t y r a t i n g a s s o c i a t e d w i t h i t 
and t h i s v a l u e i s t e s t e d a g a i n s t the c r i t i c a l l e v e l or l e v e l s f o r 
that d e f e c t . I f the d e f e c t has two c r i t i c a l l e v e l s a s s o c i a t e d w i t h 
i t , and the c l u s t e r i s c r i t i c a l w i t h r e s p e c t to the higher l e v e l 
then the treatment corresponding to the lower l e v e l of c r i t i c a l i t y 
i s a s u b s t i t u t e treatment f o r t h a t d e f e c t and an e x t r a d i s k r e c o r d 
w i l l be output f o r t h a t c l u s t e r w i t h an i n d i c a t o r s e t to show th a t 
t h i s i s a s u b s t i t u t e treatment. A t o t a l p r i o r i t y r a t i n g f o r the 
c l u s t e r i s formed by adding together the r a t i n g p o i n t s f o r each 
pavement d e f e c t which i s cured by the treatment f o r which the c l u s t e r 
i s c r i t i c a l . 
The format of the f i l e i s as f o l l o w s :-
( i ) Road Type. 
( i i ) Road I d e n t i f i e r . 
( i i i ) M a r s h a l l Category. 
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( i v ) D i v i s i o n . 
( v ) D i s t r i c t . 
( v i ) T o t a l p r i o r i t y r a t i n g f o r the c l u s t e r f o r the treatment 
type below. 
( v i i ) Treatment type. 
( v i i i ) T o t a l length of the c l u s t e r . 
( i x ) The M a r s h a l l S e c t i o n s contained by the c l u s t e r w i t h 
s t a r t and end chainages. 
(x) I n d i c a t o r to be s e t where the treatment type i n ( v i i ) 
i s a s u b s t i t u t e treatment. 
( x i ) S t r a t e g i c Route Category. 
( x i i ) Average Width f o r c o s t i n g purposes. 
.3 P r i o r i t y L i s t i n g s 
The C l u s t e r f i l e must be presented to the Engineer i n a 
u s e f u l and usable form, as information r a t h e r than as data. Thus 
the f i l e must be s o r t e d and p r i n t e d out i n one of s e v e r a l formats 
before i t a c h i e v e s the s t a t u s of i n f o r m a t i o n . For t h i s purpose 
the Engineer's requirements must be c o n s i d e r e d . The l i s t i n g s may 
be d i v i d e d i n t o two c a t e g o r i e s : those showing the o v e r a l l p i c t u r e 
i n the County (or i n some other c a t e g o r y ) , and those showing i n 
d e t a i l the c o n d i t i o n of a p a r t i c u l a r road. For an o v e r a l l p i c t u r e 
the Engineer needs to know : 
( i ) the urgency of the work 
( i i ) the M a r s h a l l Category or S t r a t e g i c Route C l a s s i f i c a t i o n . 
( i i i ) the D i v i s i o n and D i s t r i c t . 
( i v ) d e t a i l s of the p o s i t i o n and length of the c l u s t e r . 
( v ) the type of remedial work recommended. 
( v i ) the approximate co s t of the work. 
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Thus s e v e r a l formats of l i s t i n g are p o s s i b l e , and those most 
u s e f u l have been chosen as shown below. 
I n the M a r s h a l l Report the concept of roads of d i f f e r i n g importance 
being maintained to d i f f e r e n t standards was introduced, so that most 
money would be spent on the roads c a r r y i n g the most t r a f f i c as a 
general r u l e ( i . e . Category 1 and 2 r o a d s ) . Thus the c l u s t e r f i l e i s 
s o r t e d i n t o M a r s h a l l Category Order. 
Within M a r s h a l l C a t e g o r i e s i t i s u s e f u l to s e p a r a t e a l l treatment 
lengths r e q u i r i n g the same remedial treatment s i n c e each treatment 
type i s given i t s own program of work. T h i s allows r e s o u r c e s i n 
the form of men, machines and raw m a t e r i a l s to be a l l o c a t e d 
o p t i m a l l y . 
Within treatment types the c l u s t e r s must be s o r t e d on t h e i r 
p r i o r i t y r a t i n g s so t h a t the most urgent j o b s i n each category may 
be i d e n t i f i e d . 
T herefore one p o s s i b l e format has t h r e e l e v e l s of c a t e g o r i s a t i o n 
as shown i n Appendix B. 
A s i m i l a r format i s p o s s i b l e u s i n g the D i v i s i o n parameter 
r a t h e r than the M a r s h a l l Category as the primary l e v e l of 
c a t e g o r i s a t i o n , as shown i n F i g . 8. 
An example of t h i s type of p r i n t o u t i s shown i n Appendix B. 
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The approximate c o s t of the remedial work n e c e s s a r y may be 
i n c l u d e d f o r each treatment length i n e i t h e r p r i n t o u t . The a r e a 
of work i s c a l c u l a t e d from the average width of the road f o r the 
c l u s t e r and the t o t a l length of the c l u s t e r ( o r treatment l e n g t h ) . 
A c o s t f a c t o r may be estimated f o r each treatment type, per square 
metre, which.when m u l t i p l i e d by the a r e a of remedial work n e c e s s a r y 
gives an estimate of the c o s t of the work. T h i s c o s t i s f o r the 
Engineer's information and i s not intended f o r use i n a c c u r a t e 
budget c a l c u l a t i o n s , s i n c e the c o s t f a c t o r s a r e , n e c e s s a r i l y , crude 
approximations. 
These two p r i n t o u t formats give an o v e r a l l p i c t u r e of the 
c o n d i t i o n of roads i n the County network and should provide a reasonable 
b a s i s , w i t h the d e f l e c t o g r a p h road l i f e i nformation, f o r the programme 
of work. They a l l o w the Engineer to i d e n t i f y those s t r e t c h e s of 
road r e q u i r i n g remedial treatment n e c e s s i t a t i n g t h e i r i n c l u s i o n i n 
the programme of work and a l s o those s t r e t c h e s of road where a 
cheaper s u b s t i t u t e treatment may p o s s i b l y be used. However, i n 
order to make such a d e c i s i o n the Engineer r e q u i r e s f u r t h e r , more 
d e t a i l e d information about the s t r e t c h of road i n question. T h i s i s 
a v a i l a b l e , of course, i n the output from the R a t i n g programs and 
the Master f i l e programs but to f i n d such information from these 
p r i n t o u t s i s a tedious e x e r c i s e t h e r e f o r e a p r e c i s of t h i s 
i nformation i s made a v a i l a b l e to the Engineer i n an e a s i l y a s s i m i l a b l e 
p i c t o r i a l form, as shown i n F i g . 9 below. The information i s as 
f o l l o w s :-
( i ) the extent and type of remedial work n e c e s s a r y . 
( i i ) the " f r e e speed" c a l c u l a t e d from the g e o p h y s i c a l 
c h a r a c t e r i s t i c s of the road and the t r a f f i c f l o w s . 
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( i i i ) the road l i f e ( i n y e a r s ) c a l c u l a t e d from the 
d e f l e c t o g r a p h readings. 
( i v ) t r a f f i c flow. 
( v ) heavy v e h i c l e flow. 
( v i ) width. 
( v i i ) p o s i t i o n of speed li m i t s ; . 
( v i i i ) estimated r e a l i s t i c t r a v e l l i n g speed. 
Where p o s s i b l e the v a l u e s are e i t h e r shown i n histogram form 
( i . e . road l i f e ) or t h e i r extent shown by a s t e r i s k s , r a t h e r than 
numbers, g i v i n g a s i m p l i f i e d p r i n t o u t which h i g h l i g h t s any areas 
needing f u r t h e r i n v e s t i g a t i o n u s i n g the outputs from the R a t i n g 
and Master f i l e programs. Space i s provided on the p r i n t o u t so t h a t 
the Program of Improvements may be entered. T h i s enables the 
Engineer to see where improvement work w i l l make c o s t l y maintenance 
unnecessary and allow a cheaper a l t e r n a t i v e to be used. The " f r e e 
speed" information g i v e s a good i n d i c a t i o n of the n e c e s s i t y f o r an 
improvement scheme r a t h e r than remedial work, s i n c e where the f r e e 
speed drops below ac c e p t a b l e l e v e l s the alignment or width of the 
road i s u s u a l l y substandard w i t h r e s p e c t to the t r a f f i c c a r r i e d . 
These t h r e e types of p r i n t o u t , w i t h those produced by the 
R a t i n g and Master f i l e programs, form a reasonably comprehensive 
system of information f o r the Engineer, w i t h v a r y i n g degrees of 
d e t a i l and v a r y i n g amounts of data produced according to the 
Engineer's need. 
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The P r i o r i t y R a t i n g Programs 
12.1 PRLIST 
T h i s program uses the data s t o r e d i n the General Information 
F i l e and the R a t i n g data f i l e to produce a f i l e c o n t a i n i n g d e t a i l s 
of lengths of road c r i t i c a l f o r one ( o r more) of the f i v e remedial 
treatments : 
( i ) R e c o n s t r u c t i o n . 
( i i ) R e s u r f a c i n g . 
( i i i ) S u r f a c e D r e s s i n g . 
( i v ) Edge Treatment. 
( v ) Drainage Treatment. 
The program uses data from the R a t i n g Disk f i l e f o r the s i x 
pavement d e f e c t s : 
( i ) Wheel Track R u t t i n g . 
( i i ) Wheel Track C r a c k i n g . 
( i i i ) Whole Carriageway Major D e t e r i o r a t i o n . 
( i v ) Whole Carriageway Minor D e t e r i o r a t i o n . 
( v ) Edge D e t e r i o r a t i o n . 
( v i ) Inadequate Drainage. 
Where edge d e t e r i o r a t i o n or inadequate drainage i s present on 
both s i d e s of the road the worst s i d e i s taken as being r e p r e s e n t a t i v e 
of t h a t s u b - s e c t i o n of road. A modified c l u s t e r technique (See 
Appendix G) i s then a p p l i e d to -the data f o r each defect, forming 
c l u s t e r s , which are t e s t e d a g a i n s t the standards f o r the p a r t i c u l a r 
d e f e c t considered. Any c l u s t e r found to be c r i t i c a l f o r remedial 
treatment on the b a s i s of the c r i t i c a l l e v e l s given i n Appendix D 
i s w r i t t e n to a d i s k f i l e , and i s termed a treatment length. A 
treatment length may c o n s i s t of a s i n g l e s u b - s e c t i o n or may span 
s e v e r a l a d j a c e n t s u b - s e c t i o n s or even s e v e r a l adjacent Marshall 
S e c t i o n s . I n the l a t t e r case problems may a r i s e where a treatment 
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length spans a D i s t r i c t or D i v i s i o n a l boundary; i n t h i s case the 
D i v i s i o n or D i s t r i c t i n which the treatment length begins i s taken 
as the D i v i s i o n or D i s t r i c t f o r the e n t i r e treatment length. 
Short lengths of dual carriageway, as shown i n F i g u r e 10 below, 
a l s o pose a problem to the treatment length concept. 
section I < 
L Adjacent 
Marshall 
Sections 
Adjacent: 
Marshall 
Sections 
F i g u r e 10 
To c a r r y out remedial work on S e c t i o n s 1, 2, 3, 4, 5 and 6 i n 
t h a t order would obviously be i n e f f i c i e n t . Therefore e i t h e r the 
numbering system should be changed so that these s h o r t lengths of 
dual carriageway are i s o l a t e d , or the computer must be able to 
r e c o g n i s e the c o r r e c t sequence of s e c t i o n numbers. Any numbering 
sequence has i n h e r e n t problems, and w i l l c r e a t e problems e i t h e r 
during i n s p e c t i o n or during p r o c e s s i n g . For, i f the S e c t i o n numbers 
are not i n sequence, the i n s p e c t o r s may become confused and make 
mistakes; i f they are, the computer must be programmed to r e c o g n i s e 
t h a t s e q u e n t i a l l y numbered s e c t i o n s are not n e c e s s a r i l y contiguous. 
The second course i s p r e f e r r e d s i n c e i t tends to lead to fewer 
mis t a k e s . The program re c o g n i s e s the s h o r t lengths of dual 
carriageway by c o n s i d e r i n g an adjacency a r r a y , c o n t a i n i n g each 
s u b - s e c t i o n and the s u b - s e c t i o n a d j a c e n t to i t , i f any, i n a forward 
d i r e c t i o n as an adjacent p a i r . T herefore f o r the s i t u a t i o n i n F i g u r e 
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10 t h e r e l e v a n t a d j a c e n t p a i r s are :-
( i ) l a s t s u b - s e c t i o n o f S e c t i o n 1 and f i r s t s u b - s e c t i o n o f 
S e c t i o n 2. 
( i i ) l a s t s u b - s e c t i o n o f S e c t i o n 2 and f i r s t s u b - s e c t i o n o f 
S e c t i o n 4. 
( i i i ) l a s t s u b - s e c t i o n o f S e c t i o n 4 and f i r s t s u b - s e c t i o n o f 
S e c t i o n 6. 
( i v ) l a s t s u b - s e c t i o n o f S e c t i o n 3 and f i r s t s u b - s e c t i o n o f 
S e c t i o n 5. 
I n t e r m e d i a t e s u b - s e c t i o n s have been o m i t t e d t o p r e s e r v e 
c l a r i t y . T h i s a djacency p r o c e d u r e r e s u l t s i n more s e n s i b l e 
t r e a t m e n t l e n g t h * b e i n g produced by t h e program. 
The M a r s h a l l Standards themselves a l s o pose problems, s i n c e 
i n the case o f Wheel Track R u t t i n g an i s o l a t e d h i g h r e a d i n g o f 18 
mm o r more, i n an o t h e r w i s e s a t i s f a c t o r y s u b - s e c t i o n i s s u f f i c i e n t 
t o i m p l y c r i t i c a l i t y f o r r e c o n s t r u c t i o n f o r t h e whole s u b - s e c t i o n . 
A more p r a c t i c a l approach would be t o p a t c h these a r e a s , where 
such r u t t i n g i s n o t w i d e s p r e a d , r a t h e r t h a n t o r e c o n s t r u c t t h e whole 
s u b - s e c t i o n . E v e n t u a l l y a new t r e a t m e n t t y p e , E x t e n s i v e P a t c h i n g , 
may be i n t r o d u c e d , however, f o r the p r e s e n t such l e n g t h s are 
i n c l u d e d i n t h e r e c o n s t r u c t i o n l i s t b u t t h e p r a c t i c a l a l t e r n a t i v e 
t r e a t m e n t i s i n d i c a t e d by the t a g 'XP' a f t e r t h e p r i o r i t y r a t i n g . 
A s i m i l a r s t a t e o f a f f a i r s e x i s t s f o r t h e wheel t r a c k c r a c k i n g 
d e f e c t . Under c e r t a i n c i r c u m s t a n c e s a s e c t i o n o f s u r f a c i n g would 
be c u t o u t and a p a t c h i n s e r t e d , r a t h e r t h a n the t r e a t m e n t o f 
r e s u r f a c i n g suggested by t h e M a r s h a l l Standards. However, u n t i l 
s a t i s f a c t o r y s t a n d a r d s are i n t r o d u c e d g o v e r n i n g t h i s s i t u a t i o n t h e 
t r e a t m e n t o f r e s u r f a c i n g w i l l c o n t i n u e t o be recommended. 
Su r f a c e d r e s s i n g t r e a t m e n t , as a cheaper s u b s t i t u t e f o r 
r e s u r f a c i n g o r as a t r e a t m e n t f o r l e s s c r i t i c a l l e v e l s o f Wheel 
T r a c k C r a c k i n g and Whole Carriageway D e t e r i o r a t i o n i s i n a p p r o p r i a t e 
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f o r h o t r o l l e d a s p h a l t s u r f a c i n g . T h e r e f o r e i t w i l l n o t be 
recommended as a s u b s t i t u t e t r e a t m e n t f o r r e s u r f a c i n g on such 
s u r f a c e s and where a s e c t i o n o f h o t r o l l e d a s p h a l t i s c r i t i c a l 
f o r s u r f a c e d r e s s i n g i t w i l l be tagged w i t h t h e l e t t e r s 'HA' 
t o s i g n i f y t h a t an a l t e r n a t i v e t r e a t m e n t must be used. 
A d i s k f i l e i s c r e a t e d by t h e program c o m p r i s i n g a l l 
t r e a t m e n t l e n g t h s f o r a l l roads on t h e Durham County Road 
n e t w o r k . The f o r m a t o f t h i s f i l e , t h e Treatment L e n g t h F i l e , 
i s as f o l l o w s : 
( i ) Road Type. 
( i i ) Road I d e n t i f i e r . 
( i i i ) D i v i s i o n . 
( i v ) D i s t r i c t . 
( v ) S t r a t e g i c Route C l a s s i f i c a t i o n . 
( v i ) M a r s h a l l Category. 
( v i i ) Urban/Rural C l a s s i f i c a t i o n . 
( v i i i ) T reatment Recommended. 
( i x ) S e c t i o n s i n c l u d e d i n t h e t r e a t m e n t l e n g t h . 
( x ) S t a r t chainage o f t r e a t m e n t l e n g t h . 
( x i ) End chainage o f t r e a t m e n t l e n g t h . 
( x i i ) P r i o r i t y R a t i n g o f t r e a t m e n t l e n g t h . 
( x i i i ) L e n g t h r e q u i r i n g t r e a t m e n t . 
( x i v ) Average w i d t h o f t r e a t m e n t l e n g t h . 
( x v ) Counter s i g n i f y i n g i f t h e t r e a t m e n t recommended i n ( v i i i ) 
i s a s u b s t i t u t e f o r a more e x p e n s i v e t r e a t m e n t . 
The f o r m a t o f t h i s f i l e a l l o w s t h e s o r t i n g and s e l e c t i o n o f 
d a t a t o t a k e p l a c e i n f u t u r e programs so t h a t t h e Maintenance 
Engineer would r e c e i v e o n l y t h e i n f o r m a t i o n p e r t i n e n t t o h i s a r e a , 
i n t h e f o r m most u s e f u l t o him. T h i s c u t s down th e amount o f 
p r i n t o u t each Maintenance Engineer would r e c e i v e . The p r i n t o u t 
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f r o m t h i s program c o n s i s t s o f a p r i o r i t y L i s t i n g f o r each 
t r e a t m e n t t y p e f o r each D i v i s i o n , o r M a r s h a l l C a t e g o r y as shown 
i n F i g u r e 8. 
12.2 CLUDIS • 
T h i s program d i s p l a y s t h e Tr e a t m e n t l e n g t h f i l e , c r e a t e d 
by program PRLIST, f o r a p a r t i c u l a r r o a d . The Tr e a t m e n t L e n g t h 
F i l e i s s o r t e d and t h e d a t a , i f any, p e r t i n e n t t o t h e r o a d under 
c o n s i d e r a t i o n i s accessed. The program uses d a t a f r o m t h e General 
I n f o r m a t i o n F i l e and t h e R a t i n g F i l e t o make t h e d a t a d i s p l a y e d 
more complete. The program g i v e s a v e r y v i s u a l o u t p u t by u s i n g 
a s t e r i s k s and h i s t o g r a m s r a t h e r t h a n f i g u r e s f o r c e r t a i n d a t a . 
The e x t e n t and p o s i t i o n o f t r e a t m e n t l e n g t h s a r e shown by a s t e r i s k s 
i n t h e p r i n t e d o u t p u t w h i c h i s d i s p l a y e d i n F i g u r e 9. The r o a d 
l i f e , g i v e n by t h e d e f l e c t o g r a p h r e s u l t s , i s shown as a h i s t o g r a m 
composed o f a s t e r i s k s . A g e o m e t r i c assessment o f t h e r o a d i s g i v e n 
so t h a t s u b - s t a n d a r d a l i g n m e n t i s h i g h l i g h t e d , and an e x p l a n a t i o n 
o f t h i s t e c h n i q u e i s g i v e n i n Appendix I . Space i s r e s e r v e d on t h e 
p r i n t o u t f o r an i n d i c a t i o n ( i n s e r t e d m a n u a l l y ) o f any improvement 
schemes b e i n g c a r r i e d o u t o r i n t h e p l a n n i n g stages so t h a t 
maintenance w i l l be k e p t t o a minimum on t h o s e s t r e t c h e s o f r o a d 
w h i c h a r e t o be r e - a l i g n e d o r widened, s i n c e such maintenance, o t h e r 
t h a n s h o r t t e r m measures would be wasted. T r a f f i c f i g u r e s , heavy 
v e h i c l e f l o w s and road w i d t h s a re a l s o g i v e n s i n c e t h e e n g i n e e r w i l l 
t a k e t h e s e i n t o account when d e c i d i n g t h e r e m e d i a l work t o be c a r r i e d 
o u t . 
* T h i s program was w r i t t e n by Miss P. F. Dobson t o t h e A u t h o r ' s s p e c i f i c a t i o n s . 
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12.2.1 Data Input 
( a ) From cards : 
Card Type 1 
C o l s . 
1 Road Type. 
2 - 5 Road I d e n t i f i e r . 
6 - 8 No. of S e c t i o n s . 
(b) From d i s k : 
( i ) Extent and type of treatment l e n g t h s . 
( i i ) S e c t i o n D e s c r i p t i o n . 
( i i i ) T r a f f i c Flow. 
( i v ) Heavy V e h i c l e Flow. 
( v ) Speed L i m i t s . 
( v i ) R e a l i s t i c T r a v e l l i n g Speed. 
( v i i ) T o t a l R a t i n g f o r each s u b - s e c t i o n . 
( v i i i ) H i l l i n e s s and Bendiness f a c t o r s used i n the 
Geometric Assessment. 
( i x ) Road L i f e , from the Deflectograph Data. 
( x ) Road width. 
12.2.2 Output 
There i s no output to d i s k , s i n c e t h i s i s p u r e l y a 
d i s p l a y program. The p r i n t e d output i s as shown i n F i g u r e 9-
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13. System D e t a i l s 
The programs comprising the system are w r i t t e n i n PL/1 (Op t i m i s i n g 
Compiler) f o r an IBM 370 computer u s i n g the DOS/VS Operating System. 
13.1 Storage Requirements 
I n the PL/1 Environment program s i z e s a r e d i f f i c u l t to estimate 
from the Linkage E d i t o r map s i n c e the compiler uses dynamic storage 
f o r i n t e r n a l v a r i a b l e s to save storage space. As c o n t r o l passes to a 
procedure (an invoked procedure) a dynamic storage area (D.S.A.) i s 
a l l o c a t e d . When c o n t r o l passes back to the invoking procedure t h i s 
D.S.A. i s r e l e a s e d as shown i n F i g u r e 11 below. 
Main Procedure Procedure A 
MAIN: PROCEDURE; 
C A L L A ; 
C A L L B ; 
ENDj 
A: PROCEDURE-, 
C A L L A I; 
END; 
P S A s P R E S E N T 
At entry to Procedure MAIN 
At entry to Procedure A 
At entry to Procedure AI 
At entry to Procedure B 
DSA for MAIN 
DSA for MAIN 
DSA for A 
DSA for MAIN 
DSA for A 
DSA for A 
DSA for MAIN 
DSA for B 
F i g u r e H 
- 69 -
The PL/1 compiler r e q u i r e s at l e a s t 44K ( I K = 1024 bytes) of 
core s t o r a g e , and allows the programmer to chose between o p t i m i s i n g 
f o r minimum core storage or minimum execution time f o r a program. 
The computer i n use at Durham has a v i r t u a l storage f a c i l i t y a l l o w i n g 
up to 1 megabyte of v i r t u a l s torage to be mapped onto the h. megabyte 
of r e a l storage as shown i n F i g u r e 12 below. 
VIRTUAL MACHINE 
DOS / v s 
SUPERVISOR 
DOS/POWER 
USER PARTIT 
USER PARTIT 
USER PARTIT" 
3 
USER PARTIT 
4 
etc. 
\ 
R E A L MACHINE 
DOS v / s 
SUPERVISOR 
DOS / POWER 
Mapped onto 
Core Storage 
J 
F i g u r e 12 
\ 
> 2K PAGES 
Stored an a 3 3 3 0 
Direct Access Device 
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T h e o r e t i c a l l y s e v e r a l megabytes o f v i r t u a l s t o r a g e can be 
mapped o n t o t h e h megabyte o f r e a l s t o r a g e b u t f o r optimum 
performance a 2 : 1 r a t i o o f v i r t u a l t o r e a l s t o r a g e i s recommended. 
T h i s mapping p r o c e d u r e i s p o s s i b l e because when a p r o c e d u r e i s 
processed s e q u e n t i a l l y o n l y a p o r t i o n o f t h e pro c e d u r e i s a c t u a l l y 
b e i n g processed a t any t i m e , t h e r e s t o f t h e pro c e d u r e i s u s i n g space 
w i t h o u t a c t u a l l y b e i n g processed. The v i r t u a l s t o r a g e system s p l i t s 
a program i n t o 2K segments and o n l y h o l d s i n c o r e those segments 
a c t u a l l y b e i n g accessed. 
The normal v i r t u a l p a r t i t i o n s i z e i s 150K a l l o w i n g t h e 
programmer t o o p t i m i s e f o r e x e c u t i o n t i m e r a t h e r t h a n c o r e s t o r a g e . 
The a p p r o x i m a t e s i z e s o f t h e programs a re shown below :-
( i ) MASTRF 
( i i ) MFEDIT 
( i i i ) MFDISP 
( i v ) MDISP 
60K 
( v ) MFIPUT 
( v i ) PRLIST ) 90K 
( v i i ) CLUDIS 
13.2 E x e c u t i o n Times 
A l l t h e programs i n t h e system o t h e r t h a n t h e P r i o r i t y L i s t i n g 
program have been designed so t h a t each r o a d may be processed 
s e p a r a t e l y . T h i s a l l o w s t h e f i l e s t o be b u i l t up g r a d u a l l y , a v o i d i n g 
t h e i n c o n v e n i e n c e o f l o n g computer r u n s . The da t a f i l e s may be 
b u i l t up w h i l s t t h e I n s p e c t i o n programme i s i n p r o g r e s s , s p r e a d i n g 
t h e burden on t h e computer over many weeks; and a l l o w i n g p r i n t o u t s t o 
be checked and f i l e d . The o n l y program r e q u i r i n g a s i n g l e r u n i s t h e 
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P r i o r i t y L i s t i n g program, and w h i l s t t h i s has never been run on the 
f u l l network an estimate has been made (on a s e c t i o n of the network) 
that the f u l l 4,000 kil o m e t r e s of road would take approximately 
3 hours to run. However t h i s i s a once a year run, c r e a t i n g a 
Treatment Length f i l e and any f u r t h e r p r i n t o u t s would acc e s s t h i s f i l e 
and t h e r e f o r e i n v o l v e v e r y s h o r t run times. The timings of. a l l 
programs depend on the lengths of the i n d i v i d u a l s e c t i o n s and on the 
length of the road. Therefore i t i s d i f f i c u l t to give p r e c i s e timings 
f o r a program. The timings given below are f o r one road, the A.67, 
which i s approximately 42.5 k i l o m e t r e s long and has 45 s e c t i o n s . 
( i ) MASTRF 
( i i ) MFIPUT 
( i i i ) MFEDIT 
( i v ) MFDISP 
(v ) MDISP 
( v i ) CLUDIS 
13.3 D i s k Storage Requirements 
The f i l e s t r u c t u r e s are shown below : 
19 s e c . 
1 min. 52 s e c . 
13 s e c . 
12 s e c . 
19 s e c . 
55 s e c . 
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( a ) General Information F i l e ; 
Information Data Type Storage ( B y t e s ) 
Length. DEC.FIX.(3,2) 2 
1s t Node Number. DEC.FIX ( 4 ) 3 
2nd Node Number. DEC.FIX ( 4 ) 3 
L i n k Number. DEC.FIX ( 4 ) 3 
I n d i c a t o r s (2) CHAR ( 1 ) 2 
Nat i o n a l G r i d Co-ordinates ( 4 ) DEC.FIX ( 6 ) 16 
D i v i s i o n . CHAR ( 1 ) 1 
D i s t r i c t . CHAR ( 1 ) 1 
S t r a t e g i c Route C l a s s i f i c a t i o n . CHAR ( 1 ) 1 
Mar s h a l l Category. CHAR (1) 1 
Urban/Rural C l a s s i f i c a t i o n . CHAR ( 1 ) 1 
GPH Number. CHAR ( 5 ) 5 
De l e g a t i o n I n d i c a t o r . CHAR ( 1 ) 1 
Delegation S t a r t and End Chainages. DEC.FIX ( 4 ) 6 
Speed L i m i t Data ( 2 ) : Speed DEC.FIX ( 3 ) 4 
S t a r t & End Chainages. DEC.FIX ( 4 ) 12 
R e a l i s t i c T r a v e l l i n g Speed. DEC.FIX ( 3 ) 2 
Remedial Work Done ( 2 ) : Type. DEC.FIX ( 1 ) 2 
Year. DEC.FIX ( 2 ) 4 
Length. DEC.FIX ( 4 ) 6 
T r a f f i c Flows (3) : Year. DEC.FIX ( 2 ) 6 
Flow. DEC.FIX ( 5 ) 9 
Percentage Heavy V e h i c l e s . DEC.FIX ( 2 ) 2 
Height R e s t r i c t i o n . DEC.FIX ( 3 , 1) 2 
Weight R e s t r i c t i o n . DEC.FIX ( 3 , 1) 2 
- Bump -Integrator : Year. DEC.FIX (3) 2 
Reading. DEC.FIX ( 3 ) 2 
Adjacent M a r s h a l l S e c t i o n . DEC.FIX (3) 2 
S e c t i o n D e s c r i p t i o n . CHAR (40) 40 
Key to R a t i n g F i l e . CHAR (8) 8 
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(b) Rating F i l e 
I n f o r m a t i o n Data Type Storage (Bytes) 
Rating P o i n t s , Footway & Carriageway 
Widths. DEC.FIX (5) 630 
H i l l i n e s s Factors. DEC.FIX (3) 20 
Bendiness Factors. DEC.FIX (4) 30 
DefLectograph Readings : D e f l e c t i o n . DEC.FIX (3) 20 
L i f e . DEC.FIX (2) 20 
Hot Rolled Asphalt I n d i c a t o r . CHAR (1) 10 
( c ) Treatment Length F i l e 
I n f o r m a t i o n Data Type Storage (Bytes) 
Road Type, CHAR (1) 1 
Road I d e n t i f i e r . CHAR (4) 4 
D i v i s i o n . CHAR (1) 1 
D i s t r i c t . CHAR (1) 1 
S t r a t e g i c Route C l a s s i f i c a t i o n . CHAR (1) 1 
Marshall Category. CHAR (1) 1 
Urban/Rural C l a s s i f i c a t i o n . CHAR (1) 1 
Treatment Recommended. DEC.FIX (1) 1 
Sections Included (5) DEC.FIX (2) 10 
Treatment S t a r t & End Chainage. DEC.FIX (4) 6 
P r i o r i t y Rating. -DEC.FIX (5) 3-
Length. DEC.FIX (4,2) 3 
Average Width. DEC.FIX (3,1) 2 
Su b s t i t u t e Treatment Marker. CHAR (1) 1 
Where DEC. FIX = Decimal f i x e d and CHAR = Character. 
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The di s k storage requirements are based on an expected 
6000 records f o r the Rating F i l e . The f i g u r e f o r the General 
Inform a t i o n F i l e w i l l be somewhat less than f o r the Rating F i l e 
since sections less than or equal to 1 k i l o m e t r e long w i l l have 
one General I n f o r m a t i o n F i l e record and one Rating F i l e record, 
but sections greater than 1 k i l o m e t r e i n le n g t h w i l l have one 
General I n f o r m a t i o n f i l e record and two or more Rating F i l e records. 
Thus we may take a value of 4000 records f o r the General I n f o r m a t i o n 
f i l e . The Treatment Length f i l e ( output by the program PRLIST) has 
been estimated to contain a maximum of 10,000 records. The 
estimates of di s k storage are given below ;-
( i ) General I n f o r m a t i o n F i l e : 
Record Size = 180 bytes = 35 records/track. 
5000 records = 4000 tracks = 115 tracks 
35 
( i i ) Rating F i l e : 
Record Size = 730 bytes = 14 records/track. 
6000 records = 6000 tracks = 429 tracks 
14 
( i i i ) Treatment Length : 
Record Size = 36 bytes, blocked i n 20s. g i v i n g blocks of 
20 x 36 = 720 bytes = 15 blocks/track 
= 300 records/track. 
10000 records = 10000 = 34 t r a c k s . 
300 
Thus the t o t a l d i s k storage commitment i s i n the region of 575 tracks 
13.4 Flowcharts 
The f o l l o w i n g f l o w c h a r t s show the basic l o g i c of the programs 
i n the s u i t e . 
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R e a d f i r s t 
d a t a c a r d 
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C o n v e r t d a t a 
t o h e a d e r 
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Conclusions 
The P r i o r i t y Rating System implemented by Durham County Council 
has i t s roots i n the Marshall Report and the TRRLs Technical Notes 
NOTE A and NOTE B.However, i t has been t a i l o r e d to s u i t Durham County's 
p a r t i c u l a r needs. This has been achieved by consulta t i o n s between the 
Highway Maintenance Section and the Computer Section of the County 
Engineer's Department, ,to discover the most p r a c t i c a l p r e s e ntation of 
maintenance i n f o r m a t i o n . The volume of data c o l l e c t e d f o r Durham County 
Council's 4000 kilo m e t r e s of road i s extremely l a r g e ; thus the i n t e n t i o n 
has been to present s e l e c t i o n s of p e r t i n e n t i n f o r m a t i o n i n forms 
acceptable t o the engineer. This i s done by i n t r o d u c i n g various l e v e l s 
of r e p o r t , v a r y i n g i n content and degree of d e t a i l , so t h a t i n the 
extreme cases an engineer may have an overview of many roads or a s e c t i o n 
of a s i n g l e road i n precise d e t a i l . 
The i n s p e c t i o n data i s c o l l e c t e d as described i n Technical Note 
NOTE A,since t h i s was considered to be an eminently p r a c t i c a l data 
c o l l e c t i o n system. However i n view' of the volume of data involved a 
computerised P r i o r i t y Rating system was f e l t t o be more appropriate than 
the manual method described i n NOTE A. The computerised system described 
i n NOTE Bwas then considered and was found t o be i m p r a c t i c a l to implement 
f o r a large r u r a l highway network, however u s e f u l i t may be i n a compact 
urban s i t u a t i o n . The r a t i n g r e l a t i o n s h i p s given i n NOTE B were accepted 
as a us e f u l i n i t i a l approximation, to be modified as experience d i c t a t e s . 
The 10 metre microsection, also introduced by NOTE B,was f e l t t o be less 
u s e f u l since i t s i n t r o d u c t i o n increases the volume of p r i n t o u t t o 
unacceptable l e v e l s , would be de t r i m e n t a l t o the run-times of the 
programs i n the system, and i n a r u r a l s i t u a t i o n i s less p r a c t i c a l than 
the 100 metre sub-section introduced by NOTE A. Thus i t was decided t h a t 
a system modified to s u i t the s p e c i a l needs of Durham County Council's 
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Highway Maintenance Section would have to be designed. 
The system i s based on Marshall Sections, chosen according t o r u l e s 
given i n NOTE A, which are d i v i d e d i n t o 100 metre sub-sections f o r 
storage and p r i n t o u t purposes. The general i n f o r m a t i o n , e.g. 
geophysical, t r a f f i c and a d m i n i s t r a t i v e data, and i n s p e c t i o n data 
concerning a Marshall Section must, be stored i n such a way as t o give 
f a s t access and f l e x i b l e processing. The f i l e s must t h e r e f o r e be held 
on disk and allow d i r e c t access methods t o be used, otherwise access 
times could make the system uneconomic to run. 
The most e f f i c i e n t storage method was considered t o be a three t i e r 
system of f i l e s : 
( i ) Index f i l e s , one f o r each type of road: A, B, C, Motorway, 
Trunk and U n c l a s s i f i e d . 
( i i ) A General I n f o r m a t i o n F i l e , w i t h one data record per Marshall 
Section. 
( i i i ) A Rating F i l e , w i t h one record per k i l o m e t r e of Marshall 
Section. 
These f i l e s are sto r e d on d i s k and use, f o r the General I n f o r m a t i o n 
and Rating F i l e s , d i r e c t accessing methods. For d i r e c t access f i l e s the 
p o s i t i o n of the record t o be accessed must be known. Thus a system of 
keys has been introduced. The Index f i l e record f o r a p a r t i c u l a r road 
contains a p o i n t e r t o the p o s i t i o n of the data record i n the General 
I n f o r m a t i o n f i l e f o r the f i r s t Marshall Section of the road. "Subsequent 
sections may be accessed d i r e c t l y by incrementing the p o i n t e r by a 
number one less than the required s e c t i o n number. The General I n f o r m a t i o n 
f i l e record f o r a Marshall Section contains a p o i n t e r t o the p o s i t i o n of 
the data record i n the Rating f i l e f o r the f i r s t k i l o m e t r e of the 
Marshall Section. The second and subsequent k i l o m e t r e s , i f the Marshall 
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Section i s more than one k i l o m e t r e long, may be accessed d i r e c t l y by 
incrementing the p o i n t e r by the number of kilo m e t r e s preceding the 
ki l o m e t r e i n question. The f i l e s t r u c t u r e i s shown i n Figure 2 above. 
The d i r e c t access f i l e s enable data t o be stored as i t becomes 
a v a i l a b l e without the unproductive reading of f i l e s i m p l i e d i n the use 
of sequential d i s k f i l e s . These f i l e s are the basis of the system; data 
stored on the f i l e s may be manipulated, selected and displayed i n many 
ways to give the Maintenance Engineer the i n f o r m a t i o n he needs t o 
formulate h i s Programme of Work. The l e v e l s of r e p o r t a v a i l a b l e are 
described below : 
( i ) P r i o r i t y L i s t i n g : treatment lengths (one or more contiguous 
sub-sections r e q u i r i n g the same treatment) f o r a l l roads or a 
s e l e c t i o n of roads i n p r i o r i t y order. 
Various p r i n t o u t options allow s e l e c t i o n of i n f o r m a t i o n and the 
c a t e g o r i s a t i o n of t h a t i n f o r m a t i o n under p e r t i n e n t headings. 
Any stretches of road not c r i t i c a l f o r remedial treatment w i l l 
be omitted from the p r i n t o u t f o r c l a r i t y and b r e v i t y . 
( i i ) Treatment Length Display : f o r a s i n g l e road t h i s p r i n t o u t 
gives i n p i c t o r i a l form the extent and p o s i t i o n of lengths 
r e q u i r i n g treatment. Relevant i n f o r m a t i o n from the General 
I n f o r m a t i o n and Rating f i l e s concerning the road l i f e , road 
w i d t h , t r a f f i c flows and t r a v e l l i n g speeds i s included i n the 
printout-. - -
( i i i ) Histogram P r i n t o u t : a r e p r e s e n t a t i o n of the t o t a l r a t i n g 
p o ints assigned to each sub-section o f a road f o r carriageway 
defects,' i n the form of a histogram o f a s t e r i s k s , w i t h 
r e l e v a n t data from the General I n f o r m a t i o n and Rating f i l e s 
i ncluded i n the p r i n t o u t . 
i 
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( i v ) General I n f o r m a t i o n F i l e Display : a d i s p l a y of a l l i n f o r m a t i o n 
held on the General I n f o r m a t i o n F i l e . 
(v) Rating f i l e d i s p l a y : the r a t i n g p o i n t s c o l l e c t e d by each 
sub-section f o r each roadside and carriageway defect plus 
verge, footway and carriageway widths and types. 
The Engineer would use the P r i o r i t y L i s t i n g to i d e n t i f y the roads 
r e q u i r i n g treatment. A f t e r e l i m i n a t i o n of c e r t a i n treatment lengths on 
p r a c t i c a l or economic grounds the Engineer i s l e f t w i t h a l i s t of treatment 
lengths w i t h recommended treatments. The Treatment Length Display program 
outputs f o r the roads i n the l i s t then locates the treatment lengths and 
supplies i n f o r m a t i o n about the s t r e n g t h and p h y s i c a l c h a r a c t e r i s t i c s of 
the road. A t e n t a t i v e Programme of Work could be formulated at t h i s p o i n t , 
and examples of weak roads w i t h bad alignment p o s s i b l y considered f o r 
minor improvement work r a t h e r than remedial treatment. Further i n f o r m a t i o n 
about a s t r e t c h of road may be obtained from the Rating and General 
In f o r m a t i o n f i l e d i s p l a y s , and f o r d i f f i c u l t s t retches of road and to 
f i n a l i s e the Programme of Work the D i v i s i o n a l Surveyor may c a r r y out a 
s u b j e c t i v e a p p r a i s a l of the s t r e t c h of road. 
This t i e r e d system prevents the Engineer being inundated by large 
volumes of data. Instead the system gives s e l e c t i o n s of i n f o r m a t i o n i n 
as great or as l i t t l e d e t a i l as the Engineer r e q u i r e s , so t h a t time i s 
not spent s o r t i n g out relev a n t i n f o r m a t i o n from large masses of i r r e l e v a n t 
data. 
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APPENDIX A 
1 Marshall Categories 
The roads are d i v i d e d i n t o Marshall Categories on the basis of the 
type of road and the t r a f f i c c a r r i e d . For convenience i n c o s t i n g 
remedial work a l l trunk roads are included i n Category 1 since the 
f i n a n c i n g of highway maintenance f o r Motorway and Trunk Roads i s from 
c e n t r a l government; whereas maintenance f o r the other classes of road 
i s financed from the r a t e fund. Otherwise the categories are as 
given i n the Marshall Report (p.18), w i t h t r a f f i c f i g u r e s from NOTE A. 
CATEGORY 1 : MOTORWAY AND TRUNK ROADS. 
CATEGORY 2 : IMPORTANT PRINCIPAL ROADS : TRAFFIC FLOWS URBAN > 18000 pcu * 
RURAL > 6000 pcu 
CATEGORY 3 : OTHER PRINCIPAL ROADS AND IMPORTANT NON-PRINCIPAL ROADS : 
TRAFFIC FLOWS URBAN > 3600 pcu 
RURAL > 1200 pcu 
CATEGORY 4 : OTHER ROADS : TRAFFIC FLOWS URBAN < 3600 pcu 
RURAL < 1200 pcu 
These pcu t o t a l s are a general guide and would d i f f e r w i t h d i f f e r i n g o v e r a l l 
t r a f f i c . 
Other f a c t o r s could also i n f l u e n c e the c a t e g o r i s a t i o n of a road; such as 
i t s s t r a t e g i c importance or l o c a l amenity value. A through route or a 
road s e r v i c i n g many i s o l a t e d r u r a l communities would have considerable 
l o c a l importance which may put i t i n t o a higher category than i t s t r a f f i c 
would i n d i c a t e . The importance of such roads could be assessed by 
t h e o r e t i c a l l y removing them and examining the impact t h e i r absence would 
make on the t r a f f i c network. 
passenger car u n i t . 
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The Marshall Report introduced the concept t h a t roads of d i f f e r i n g 
importance would be maintained to d i f f e r e n t standards. This could be 
implemented generally by considering a network of Category 1 and 2 
roads covering the county area maintained to a high standard and 
having a high p r i o r i t y f o r maintenance funds. Category 3 roads 
covering the r e s t of the county would have the next c a l l on maintenance 
funds w i t h Category 4 roads r e c e i v i n g whatever funds were l e f t . Thus 
most money would be spent on the most important roads and would 
t h e r e f o r e b e n e f i t the greatest number of m o t o r i s t s . Urgent maintenance 
f o r dangerous conditions i s not covered by the above scheme, which i s f o r 
general, planned maintenance: however, on a Category k road, where a 
cheaper a l t e r n a t i v e treatment i s a v a i l a b l e g i v i n g , perhaps, a sho r t e r 
l i f e expectancy than r e c o n s t r u c t i o n t h i s a l t e r n a t i v e would be used. 
The idea of "minimum maintenance" ( p r e s e r v i n g the waterproof surface 
and preventing foundation f a i l u r e ) coupled w i t h weight r e s t r i c t i o n 
orders to remove heavy t r a f f i c from c e r t a i n Category 4 roads i s being 
considered. The i n t e n t i o n i s to define a network of roads maintained 
to a reasonable standard and capable of c a r r y i n g the volumes of 
commercial t r a f f i c found i n the d i s t r i c t , fed by l o c a l roads. These 
l o c a l roads would have weight r e s t r i c t i o n s imposed or would be 
p h y s i c a l l y cut ( i . e . by a gate e t c . ) so t h a t through t r a f f i c could not 
use them, but access to farms, quarries and v i l l a g e s i n the catchment 
area would be allowed. These measures would stop "short c u t t i n g " by 
heavy l o r r i e s and confine them to roads able to withstand t h e i r damaging 
e f f e c t on the pavement. This network would have to be s e l f - e n f o r c i n g , 
s i nce, unless the area involved i s compact and e a s i l y p a t r o l l e d , the 
p o l i c i n g i n v olved i n enforcing widespread weight r e s t r i c t i o n orders would 
be a d i f f i c u l t task f o r an already over-extended p o l i c e f o r c e . A r e p o r t 
i s at present being prepared by Local Government on the f e a s i b i l i t y of 
the above p r o j e c t and the advantages and problems i t would b r i n g . 
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A.2 The Standards 
The standards shown below are taken from the Marshall Report and have been 
modified by NOTE A and NOTE B. Since the f i x e d i n t e r v a l inspections are 
taken over 25 metres rather than 20 metres as f o r NOTE B some c r i t i c a l 
percentages have been changed from 20% to 257.. 
A.2.1 Pavement Defects 
A.2.1.1 Wheel Track R u t t i n g 
( i ) Reconstruct : 
(a) where 257. or more of the subsection shows r u t t i n g 
of 18 mm or above. 
(b) where 1007. of the subsection shows r u t t i n g of 
17 mm. 
( i i ) Resurface : 
(a) where 25% or more of the subsection shows r u t t i n g 
of 13 mm or more. 
(b) where 1007. of the subsection shows r u t t i n g of 
12 mm or more. 
Thus a small amount of serious r u t t i n g w i l l make a 
subsection c r i t i c a l f o r treatment, and a large amount of 
less serious r u t t i n g w i l l give the same e f f e c t . 
A.2.1.2 Wheel Track Cracking 
( i ) Resurface : where d e t e r i o r a t i o n covers 307o of the 
wheel tracks f o r Category 1, 2 and 3 roads, 
or 507. of the wheel tracks f o r Category 4 
roads. 
( i i ) Surface Dress : where d e t e r i o r a t i o n covers 107. of 
the wheel tracks f o r Category 1, 2, 
3 roads or 177. of the wheel tracks 
f o r Category 4 roads. 
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A.2.1.3 Whole Carriageway Major D e t e r i o r a t i o n 
( i ) Resurface : where 207. of the road surface shows 
d e t e r i o r a t i o n . 
( i i ) Surface Dress : where 77. of the road surface shows 
d e t e r i o r a t i o n . 
A.2.1.4 Whole Carriageway Minor D e t e r i o r a t i o n 
Surface Dress : where 257. of the road surface shows 
d e t e r i o r a t i o n . 
A.2.1.5 Edge D e t e r i o r a t i o n 
( i ) Haunch and kerb where : 
(a) 507. of the edge shows Severity 1 d e t e r i o r a t i o n . 
(b) 307. of the edge shows Sev e r i t y 2 d e t e r i o r a t i o n . 
(c) 207. of the edge shows Severity 3 d e t e r i o r a t i o n . 
( i i ) Patch where : 
(a) 177. of the edge shows Sev e r i t y 1 d e t e r i o r a t i o n . 
(b) 107. of the edge shows Sev e r i t y 2 d e t e r i o r a t i o n . 
(c) 77. of the edge shows Severity 3 d e t e r i o r a t i o n . 
A.2.1.6 Inadequate Drainage 
Drainage Treatment : apply where 307. of the subsection i s 
inadequately drained. 
A.2.2 Roadside Defects 
A.2.2.1 Footway and Verge D e t e r i o r a t i o n 
( i ) Inner Urban footways and verges r e p a i r when the 
foo t p a t h or verge shows 107. d e t e r i o r a t i o n . 
( i i ) Outer Urban footways and verges, f r e q u e n t l y used 
r u r a l footways and verges - r e p a i r when the f o o t p a t h 
or verge shows 207. d e t e r i o r a t i o n . 
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A.2.2.2 Inadequate Kerb Upstand 
( i ) Urban Roads : where a footway i s w i t h i n 3 metres 
of the road and unprotected by a s a f e t y 
fence or embankment, the required 
upstand i s 75 mm; otherwise the required 
upstand i s 25 mm. Loss of upstand from 
these standards may be present i n 
varying degrees and to v a r y i n g extents. 
Thus c r i t i c a l i t y may be i n d i c a t e d by a 
small percentage showing t o t a l loss of 
upstand or by a large percentage showing 
a smaller loss of upstand. Thus a 
r a t i n g r e l a t i o n s h i p i s used and 
c r i t i c a l i t y i s i n d i c a t e d when the 
subsection has c o l l e c t e d r a t i n g p oints 
equivalent to 20% showing t o t a l loss 
of upstand. 
( i i ) Rural Roads : where a f r e q u e n t l y used footway l i e s 
w i t h i n 1.2 metres of the carriageway 
unprotected by a s a f e t y fence or 
embankment the required upstand i s 75 mm; 
otherwise the r e q u i r e d upstand i s 25 mm. 
C r i t i c a l i t y i s i n d i c a t e d when the sub-
se c t i o n has c o l l e c t e d r a t i n g p oints 
equivalent to 30% showing t o t a l loss of 
upstand. 
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A.2.2.3 Kerb D e t e r i o r a t i o n 
( i ) Inner Urban Roads : r e p a i r when 10% of the kerb 
shows d e t e r i o r a t i o n . 
( i i ) Other Roads : r e p a i r when 20% of the kerb shows 
d e t e r i o r a t i o n . 
A.2.2.4 Kerb P r o v i s i o n 
Kerb p r o v i s i o n i s only required where a f o o t p a t h i s 
w i t h i n a standard distance of the carriageway and 
unprotected by a s a f e t y fence or embankment. 
( i ) Urban roads w i t h a footway w i t h i n 3 metres of the 
carriageway provide kerbs where 20% of the sub-
se c t i o n i s unkerbed. 
( i i ) Rural roads w i t h a f r e q u e n t l y used footway w i t h i n 
1.2 metres of the carriageway provide kerbs where 
307. of the subsection i s unkerbed. 
A. 3 S t r a t e g i c Routes 
The p o l i c y of d i v i d i n g the roads i n t o S t r a t e g i c Routes i s s i m i l a r i n 
i n t e n t to the d i v i s i o n of roads i n t o Marshall Categories. However a 
S t r a t e g i c Route may consist of more than one road. The i n t e n t i o n i s to 
o f f e r commercial t r a f f i c p a r t i c u l a r routes which have been improved to a 
higher standard than the remainder of the road network and so encourage 
t h i s t r a f f i c to concentrate upon a l i m i t e d number of roads. The 
removal of heavy commercial t r a f f i c from minor roads w i l l r e s u l t i n 
increased l i f e f o r these roads and reduce the need f o r maintenance and 
improvement. Three categories of route are envisaged : Primary, 
Secondary and T e r t i a r y . 
APPENDIX B 
The data sheets and output l i s t s , i n the f o l l o w i n g orders 
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or  
1. '• I n s p e c t i o n Sheet. 
2. General I n f o r m a t i o n Coding Sheet. 
3. , I n s p e c t i o n Data Coding Sheet. 
4. General I n f o r m a t i o n E d i t i n g Sheets 2A and 2B. 
5. P r i o r i t y L i s t i n g . 
6 . i C l u s t e r Display. 
7. Histogram P r i n t o u t . 
8. | General I n f o r m a t i o n F i l e Display. 
9. ; Rating F i l e Display. 
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APPENDIX C 
The Rating Relationships, 
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Dl 
APPENDIX D 
CRITICAL LEVELS; CARRIAGEWAY 
Defect Treatment C r i t i c a l Level 
Wheel Track Rutting. Reconstruct 1000 
Resurface 100 
Wheel Track Cracking. Resurface 100 
Surface Dress 34 
Whole Carriageway Major Deterioration Resurface 50 
Surface Dress 17 
Whole Carriageway Minor Deterioration Surface Dress 17 
Edge Defects Haunch/Kerb 100 
Patch 34 
Inadequate Drainage. 30 
CRITICAL LEVELS; ROADSIDE 
Defect Position C r i t i c a l 
Level 
Footway Deterioration. Inner Urban 40 
Other Sites 40 
Verge Deterioration. A l l Sites 40 
Kerb Deterioration. Inner Urban 25 
Other Sites 25 
Kerb Provide. Urban Sites 60 
Rural Sites 60 
Inadequate Kerb Upstand Urban (75 mm) 60 
Urban (25 mm) 50 
Rural (75 mm) 60 
Rural (25 mm) 50 
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APPENDIX E 
Computer Considerations 
The computer a v a i l a b l e to the author was an IBM 370/145, w i t h IBM 3330 
D i r e c t Access d i s k packs. This machine was considered to be a s u i t a b l e 
c o n f i g u r a t i o n to allow the program s u i t e to run economically. The 
programming language was chosen a f t e r considering the type of program 
and the types of data to be used. The f o l l o w i n g requirements were found 
to be d e s i r a b l e : 
( i ) modular s t r u c t u r i n g of programs. 
( i i ) v a r i e t y of data types. 
( i i i ) easy debugging and e r r o r checking r o u t i n e s . 
( i v ) easy array handling. 
(v) f l e x i b i l i t y of i n p u t / o u t p u t . 
( v i ) a b i l i t y to read a data aggregate under several formats. 
( v i i ) easy coding of programs and simple modifying of programs. 
The programming language most s u i t a b l e was found to be PL/1 which 
has the f o l l o w i n g c h a r a c t e r i s t i c s : 
( i ) Program S t r u c t u r e : a PL/1 program consists of blocks of coding 
c a l l e d procedures. A procedure may c a l l other procedures which may 
be e i t h e r i n t e r n a l or e x t e r n a l to the c a l l i n g procedure. An i n t e r n a l 
procedure i s a d i s c r e t e block of code nested w i t h i n the c a l l i n g 
procedure. An e x t e r n a l procedure i s one compiled separately from 
the c a l l i n g procedure. These procedures are the b u i l d i n g blocks 
of a program a l l o w i n g a modular s t r u c t u r e u s e f u l f o r t e s t i n g , 
debugging and program m o d i f i c a t i o n , since each e x t e r n a l procedure 
may be compiled, edited and tested separately. 
( i i ) Data Types : PL/1 allows a great v a r i e t y of data types to be used. 
There are three main categories : 
(a) A r i t h m e t i c Data - binary or decimal, f i x e d p o i n t or f l o a t i n g 
p o i n t , r e a l or complex, w i t h p r e c i s i o n s p e c i f i e d by the programmer. 
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(b) S t r i n g Data - B i t or character of va r y i n g or constant Length, 
s p e c i f i e d by the programmer. 
(c) Program Control Data - l a b e l v a r i a b l e s , f i l e v a r i a b l e s , p o i n t e r s 
e t c . 
The compiler allows a r i t h m e t i c operations, comparison operations, 
s t r i n g manipulation and assembling, scanning and su b d i v i d i n g of 
character s t r i n g s . < 
i i 
Where a v a r i a b l e i s not s p e c i f i e d f u l l y , or indeed at a l l , i n a 
procedure d e f a u l t a t t r i b u t e s are ap p l i e d , e i t h e r by context, by programmer 
supplied d e f a u l t s or by computer supplied d e f a u l t s . 
The compiler also s p e c i f i e s every v a r i a b l e used i n the program, g i v i n g 
i t s a t t r i b u t e s , and showing the statements i n which the v a r i a b l e i s 
used and i t s p o s i t i o n i n the DSA* i f the v a r i a b l e i s i n t e r n a l to the ' 
procedure. 
The data elements may be c o l l e c t e d together i n the form of arrays 
(where a l l aggregated v a r i a b l e s have the same a t t r i b u t e s ) or s t r u c t u r e s 
(where the aggregated v a r i a b l e s may have d i f f e r e n t a t t r i b u t e s ) . This 
f a c i l i t y allows a set of data elements to be manipulated as a s i n g l e 
data aggregate, c u t t i n g down on coding and reducing the p o s s i b i l i t y of 
e r r o r s . 
( i i i ) Debugging : the compiler has many debugging and e r r o r handling f a c i l i t e s . 
Suspect v a r i a b l e s may be p r i n t e d out whenever t h e i r value changes 
by enabling a CHECK c o n d i t i o n f o r a procedure. Dumps of a l l or 
pa r t of the program ( f i l e b u f f e r s , DSA's etc . ) may be obtained 
dynamically and these are presented i n an e a s i l y a s s i m i l a b l e form 
which i s extremely u s e f u l d u r i n g debugging runs. Error c o n d i t i o n s 
may be handled by the programmer so t h a t appropriate a c t i o n may be 
taken, i . e . t r a n s f e r c o n t r o l to another p a r t of the program, dump DSA's 
f i l e b u f f e r s etc. set v a r i a b l e s a f f e c t e d to acceptable values. A 
* Dynamic Storage Area 
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range of checking conditions may be enabled f o r a procedure, such 
as a check f o r s u b s c r i p t s which f a l l outside the bounds of an array. 
These f a c i l i t i e s plus the compiler data d e s c r i p t i o n s and cross-
reference of v a r i a b l e usage g r e a t l y f a c i l i t a t e the t e s t i n g and 
debugging of programs. 
i 
( i v ) Storage ' 
' ' I t 
The use of the BASED a t t r i b u t e allows several v a r i a b l e s or data 
aggregates to occupy the same block of storage. This f a c i l i t y 
allows a data area to be accessed under several formats or the format 
of a data aggregate to be chosen by the program where several formats 
are p o s s i b l e : 
Data Area 
1st Format 
1 1 1 
A r i t h m e t i c Data F i e l d s 
1 1 1 Character S t r i n g Character S t r i n g 
2nd Format 
Character S t r i n g 
3rd Format 
1 r— 
A r i t h m e t i c Data F i e l d s Character S t r i n g B i t 
S t r i n g 
Variables i n t e r n a l to a procedure are stored i n a Dynamic Storage Area. 
Only those procedures which are a c t i v e w i l l have a DSA present i n core. 
When a procedure becomes i n a c t i v e i t s DSA space i s returned to the 
f r e e storage area a v a i l a b l e to the program thus c u t t i n g down the storage 
r e q u i r e d by the program, 
(v) Input/Output : the in p u t / o u t p u t f a c i l i t i e s of PL/1 are extremely 
f l e x i b l e , a l l o w i n g the programmer to optimise the use of storage 
space on d i s k or tape and to use data t r a n s f e r a l methods appropriate 
to the a p p l i c a t i o n . Data may be p r i n t e d out or read i n under format 
c o n t r o l s p e c i f i e d by the programmer or under f r e e format recognised 
by the computer. The use of data aggregates i n in p u t / o u t p u t 
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statements reduces the amount of coding necessary. 
For f u r t h e r d e t a i l s of the PL/1 Language r e f e r to the PL/1 Language 
Reference Manual (Optimising Compiler) and PL/1 Programmers Guide. 
i 
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APPENDIX F 
The f o l l o w i n g f i g u r e s are based on data c o l l e c t e d by the TRRL from a 
sample of 22 a u t h o r i t i e s : 
( i ) the p r o p o r t i o n of trunk road maintenance expenditure devoted to 
r e s u r f a c i n g v a r i e s : 
- from under 207. to over 607. i n r u r a l areas 
- from under 107. t o over 557. i n urban areas. 
t 
( i i ) average annual r e s u r f a c i n g on Class I roads v a r i e s : 
- from £170 t o £1,670 per mi l e i n r u r a l areas 
- from £80 t o £2,680 per m i l e i n urban areas. 
( i i i ) on Class I I roads annual maintenance expenditure varies : 
- from £470 t o £1,870 per mile i n r u r a l areas 
- from £910 to £3,200 per mile i n urban areas. ' 
These f i g u r e s , which are condensed from those given i n the Marshall 
Report, suggest m i s a p p l i c a t i o n of resources. When the a v a i l a b l e data were 
analysed i n d e t a i l no more than 507. of the v a r i a t i o n between agent's 
expenditure could be explained by o b j e c t i v e f a c t o r s , the most important 
of which seemed to be the weather, t r a f f i c f l o w and road widths. The 
analysis suggests t h a t there i s a tren d i n expenditure amounting t o a f i x e d 
increase each year which i s i n l i n e w i t h the Marshall Committee's conclusions 
on the t r a d i t i o n a l a l l o c a t i o n methods f o r highway maintenance f i n a n c e . 
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APPENDIX G 
Cluster Analysis 
I f a series of p o i n t s , each having a s i n g l e value associated w i t h i t , 
i s considered then a p a i r of contiguous points can be chosen such t h a t the 
d i f f e r e n c e between the values associated w i t h the two points i s the 
minimum such d i f f e r e n c e f o r a l l p a i r s of contiguous p o i n t s i n the s e r i e s . 
The two points thus chosen are merged to form a c l u s t e r of s i z e two w i t h 
associated value equal t o the mean of the values associated w i t h the two 
p o i n t s . This c l u s t e r i s then considered as a p o i n t w i t h an associated 
value and the process i s repeated u n t i l e i t h e r the minimum d i f f e r e n c e f o r 
a l l p a i r s of contiguous p o i n t s i s greater than a set l i m i t or there are no 
more contiguous c l u s t e r s t o be merged. 
Treatment lengths are determined f o r each pavement defect which has 
a Marshall Standard ( i . e . a c r i t i c a l l e v e l ) associated w i t h i t . Each 
c l u s t e r as formed above i s considered to be a treatment length and i t s 
associated value i s tested f o r c r i t i c a l i t y . A c l u s t e r cannot span more 
than one road and a s i n g l e road may be s p l i t i n t o several lengths f o r 
c l u s t e r i n g purposes. 
For example, where a minor road crosses a major road and the minor 
road i s c r i t i c a l f o r remedial treatment, t h i s treatment would not be 
allowed to impinge on the major road; s i m i l a r l y a roundabout or other such 
obstacle would d i v i d e the road i n t o c l u s t e r i n g lengths. 
This procedure gives a more accurate r e p r e s e n t a t i o n of the p r i o r i t i e s 
a l l o c a t e d to the treatment lengths, than averaging over contiguous sub-
sections the r a t i n g p o i n t s f o r a defect which i s c r i t i c a l on those sub-
s e c t i o n s . Where the s i t u a t i o n e x i s t s such t h a t a length t h a t i s j u s t 
c r i t i c a l f o r a c e r t a i n treatment i s f o l l o w e d immediately by a length which 
i s h i g h l y c r i t i c a l f o r the same treatment; i f the r e s p e c t i v e p r i o r i t i e s of 
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the two lengths are averaged, the c r i t i c a l i t y of the f i r s t l e n g t h w i l l be 
enhanced and t h a t of the second length lowered. However where a c l u s t e r i n g 
technique i s used the res p e c t i v e p r i o r i t i e s w i l l be separate and a 
reasonable l e v e l o f d e t a i l i s preserved. Thus c l u s t e r i n g gives a more 
accurate r e p r e s e n t a t i o n as shown i n F i g . 7 above. 
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APPENDIX H 
H. 1. Measurement of Skidding Resistance 
Loss of Skidding Resistance can be measured e i t h e r by using SCRIM 
(Sideways Force C o e f f i c i e n t Routine I n s p e c t i o n Machine) or the 
Pendulum Skid Tester. 
H . l . l . The Pendulum Skid Tester 
This method i s slow and requires t h a t the p a r t of the road 
under t e s t must be cordoned o f f , causing delays to t r a f f i c . 
The r a t e of t e s t i n g i s about 2 km/day and t h e r e f o r e t h i s 
method could only be used to measure s p e c i f i c s i t e s , such 
as j u n c t i o n s , bad bends and roundabouts. The t a r g e t values 
f o r various types of s i t e are given i n the Marshall Report page 110. 
H.1.2. SCRIM • 
The SCRIM machine i s r a t h e r expensive but has an i n s p e c t i o n 
r a t e which would a l l o w the e n t i r e Durham c l a s s i f i e d road 
network to be inspected i n 4 - 5 months. However the 
question of i n t e r p r e t a t i o n of r e s u l t s both f o r SCRIM and 
the pendulum s k i d t e s t e r i s not yet s a t i s f a c t o r i l y answered. 
The t a r g e t standards given by the Marshall Report are 
sparse and t h e r e f o r e r a t h e r a r b i t r a r y . Only three standard 
t a r g e t values are given to cover every possible s i t u a t i o n , 
w i t h the e f f e c t t h a t w h i l s t some roads would be brought to a 
r 
higher standard than necessary i n view of t h e i r accident 
record, the ski d d i n g r e s i s t a n c e on some extremely d i f f i c u l t 
s i t e s would not be high enough to prevent accidents. T.R.R.L. 
r e p o r t LR. 510 gives t a r g e t values based both on the 
type of s i t e and the accident record of the s i t e . This 
gives a more r e p r e s e n t a t i v e set of standards; p i n p o i n t i n g 
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the s i t e s where sub-standard s k i d d i n g resistance i s most 
dangerous. Since the obje c t of assessing s k i d d i n g r e s i s t a n c e 
i s to reduce the number of accidents, and thus reduce the 
cost t o the county and to the community of these accidents, 
to assess s i t e s on the basis of t h e i r accident records 
would allow funds to be a l l o c a t e d more e f f i c i e n t l y , and 
give p r i o r i t y to those roads which are most dangerous. The 
a l l o c a t i o n of t a r g e t values on the basis of accident 
records and type of s i t e w i l l depend on the o v e r a l l amount 
of t r a f f i c using the roads and the o v e r a l l t r a f f i c accident 
f i g u r e s f o r the county. No guidelines have yet been given 
covering these p o i n t s , and the a l l o c a t i o n of accidents to 
p a r t i c u l a r roads where an accident occurs at a j u n c t i o n 
i s d i f f i c u l t because the format of the Po l i c e T r a f f i c 
Accidents f i l e i s not conducive to the e x t r a c t i o n of such 
data a t present. 
Thus u n t i l these points are c l a s s i f i e d and the Accident 
i n f o r m a t i o n i s more r e a d i l y a v a i l a b l e , the i n t e r p r e t a t i o n 
of the SCRIM r e s u l t s i s d i f f i c u l t and the expense of a 
SCRIM i s not r e a d i l y j u s t i f i a b l e . 
.2 Deflectograph 
The Deflectograph machine measures the d e f l e c t i o n of a road caused 
by a standard loading on the rear axles of the t r u c k c o n t a i n i n g the 
equipment. I t s working speed i s approximately 2 km/hour and the 
points of measurement are about 3.8 metres apart on the road. The 
readings given by the Deflectograph must be corrected f o r temperature 
before being used to c a l c u l a t e the s t r e n g t h of the road. 
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The number of heavy vehicles using a r o a d , m u l t i p l i e d by a f a c t o r 
depending on the type of road * gives an estimate of the number of 
d 
standard axles the road c a r r i e s per day. 
For a l l p r a c t i c a l purposes p r i v a t e cars do not damage the road 
and may t h e r e f o r e be ignored f o r the purposes of the d e f l e c t i o n 
survey. The growth r a t e of t r a f f i c f o r the road may be estimated or 
measured and t h e r e f o r e the cumulative standard axles c a r r i e d by the road 
since c o n s t r u c t i o n (or l a s t major strengthening) may be computed. The 
d e f l e c t i o n readings give the cumulative standard axles which must be 
c a r r i e d by the road before i t f a i l s . Thus the remaining l i f e o f the 
road may be c a l c u l a t e d . 
This procedure i s f u l l y described i n TRRL Report LR 571: 
"Pavement d e f l e c t i o n measurements and t h e i r a p p l i c a t i o n to s t r u c t u r a l 
maintenance and overlay design". 
* Heavier commercial v e h i c l e s tend to use Category 1 and 2 roads, t h e r e f o r e 
these roads have a'higher standard axle f a c t o r . 
4 an axle loaded w i t h 18,000 l b . (8160 k g ) . 
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APPENDIX I 
GEOMETRIC ASSESSMENT OF CARRIAGEWAYS 
1. Transport and Road Research Laboratory L e a f l e t LF170 gives f o u r 
speed/flow formulae t o cover a range of r u r a l carriageway types. Each 
formula i s a f u n c t i o n of h i l l i n e s s ( i . e . r a t e of t o t a l l e v e l change i n 
m/km), bendiness ( i . e . r a t e of change of bearing i n deg/km), v e h i c u l a r 
f l o w (veh/hr) and percentage of heavy v e h i c l e s . Speeds are c a l c u l a t e d 
r e l a t i v e to a speed under f r e e f l o w c o n d i t i o n s which i s represented by a 
fl o w o f 300 veh/hr. per standard lane of 3.5m w i d t h . 
i 
2. I t seems reasonable t o assume t h a t under " f r e e f l o w " c o n d i t i o n s 
w i t h a zero percentage o f heavy ve h i c l e s the f a c t o r most a f f e c t i n g the 
v e h i c l e speed i s the geometrical alignment of the carriageway. By 
i 
c a l c u l a t i n g the speed under " f r e e f l o w " and "zero heavy v e h i c l e " c o n d i t i o n s 
f o r d i f f e r e n t sections of carriageway i t should be possible t o compare 
the alignments and make a judgement as to the need f o r realignment works. 
3. There are f o u r formulae given to cover a range of carriageway types. 
Since three of the types ( t h r e e lane carriageways, dual carriageways and 
motorways) are of recent o r i g i n and have u s u a l l y been designed t o a 
reasonable standard only the formula f o r two lane s i n g l e carriageway w i l l 
be considered. 
4. Since the o b j e c t of t h i s exercise i s t o compare carriageway 
alignments and not t o c a l c u l a t e r e a l i s t i c speeds f o r t r a f f i c f l o w along 
carriageways, the formula f o r two lane s i n g l e carriageways w i l l be app l i e d 
to three lane carriageways and to each carriageway of dual carriageway 
roads. I t w i l l also be applied to urban roads although the o r i g i n a l 
formulae were s p e c i f i c a l l y f o r r u r a l s i t u a t i o n s . 
5. 
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The formula f o r " f r e e speed" on a two lane carriageway i s : 
Speed = .5 + (P - 15) - H _ (185 - P) - B (P - 215) 
10 7.5 200 200 
where H = h i l l i n e s s , B = bendiness and P = 7. heavy v e h i c l e s . 
I n a zero heavy v e h i c l e c o n d i t i o n P = 0 and the formula i s :-
Speed = 87 - (185H + 215B) 
1500 
The constant term i n the equation i s given f o r 1975 speeds and i n 
genuine speed c a l c u l a t i o n s would increase by 1% k.p.h. per year t o allow 
f o r the annual increase i n v e h i c l e speeds. I n our a p p l i c a t i o n of the 
formula i t can remain constant or indeed be removed from the equation 
since we are concerned only w i t h r e l a t i v e values. 
6. I n i t s a p p l i c a t i o n to Durham County Council's Marshall assessments 
the formula i s used to assess the alignment of 100m lengths of 
carriageway. Because the lengths considered are small the h i l l i n e s s 
and bendiness when expressed as "per km" tend to appear exaggerated and 
t o give d i s t o r t e d speed values derived from the formula and can t h e r e f o r e 
accept the d i s t o r t i o n . Indeed since the d i s t o r t i o n occurs i n the 
regions of poor alignment i t can be to our advantage i n t h a t i t elongates 
the.range. 
7. Although the alignment of a carriageway i s considered over 100m 
lengths there are some instances where the length examined i s shorter 
than 100m. To a l l o w geometrical f a c t o r s t o be c a l c u l a t e d f o r these s h o r t 
lengths two e m p i r i c a l r u l e s have been formulated. 
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(a) bendiness - f o r lengths s h o r t e r than 100m the bendiness per km 
i s taken as the a c t u a l degrees of d i r e c t i o n change x 10. 
(b) h i l l i n e s s - f o r lengths s h o r t e r than 100m the h i l l i n e s s per km i s 
taken as the a c t u a l l e v e l change x (1000/length of s e c t i o n 
considered). 
Having established the means of c a l c u l a t i n g geometrical f a c t o r s 
f o r 100 m lengths of carriageway (or whatever other lengths are considered 
convenient) i t only remains to set l e v e l s of c r i t i c a l i t y f o r these f a c t o r s . 
These c r i t i c a l l e v e l s w i l l need t o be r e l a t e d to the importance of the 
road i n the network. 
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